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10 INTRODUCTION 


Through advanced, computer-aided design techniques, Anplied 
Technology's Advanced Computer (ATAC) has been developed as a highly opti- 
mized, general-purpose, real-time processor. It uses advanced technology to 
achieve very high computation speed with minimal physical requirements, and 
the initial instruction set is optimized for real-time avionic applications. 


ATAC-16M is a member of the Applied Technology modular family 
of computer components which permits the system designer to tailor an ATAC 
computer to the physical and computational requirement. The ATAC family of 
computer components consists of the following subsystems: 


e Central Processors 

e Memory Modules 

@ High Speed Input/Output Channels 
Input/Output Devices 

Control Consoles 

e Applications Support Software 


Standard ATAC features include a microprogrammable computer 
architecture, asynchronous interface to all memory types, expandable basic 
instruction set, register I/0, and a priority- interrupt Structure. Optional 
features include multiple direct memory access ports, control panel with 
hardware breakpoint, and I/O interfaces. These features qualify ATAC for 
application in a wide range of real-time and process-control systems. 


This publication describes the ATAC-16M computer principles of 
Operation. It provides a comprehensive overview of the system structure and 
the instruction repertoire. 


A space-qualified version called ATAC- 16MS, which is functionally 


equivalent but tailored for conduction cooling, is described in the ATAC-16MS 
Processor Specification (20-059402). The instruction level operation of the 
ATAC-16MS is described in this document. 
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1.1 ATAC-16M TECHNICAL SPECIFICATIONS 
Teale. General Organization 


The ATAC-16M is a general-purpose, binary, parallel 2's comple- 
ment, integer fixed point and fractional floating point, general register, 
microprogrammed, fully overlapped computer. 


TWeslei2 Word Size 

Instructions: 16, 32-bit 

Data fixed point: 8, 16, 32-bit 

Data floating point: 32-bit 24/8 format 
le le3 General Registers 


The ATAC-16M provides sixteen general-purpose 16-bit registers, 
each useable as an accumulator, stack pointer, index register or indirect 
pointer. 


1.1.4 Addressing Modes 


Eight addressing modes are provided: Register, Immediate, 
Direct, Direct Indexed, Reqister Indexed, Immediate Short, Direct Relative, 
Program Counter Relative. 


Tele Memory Interface 


The asynchronous, fully buffered interface accommodates a wide 
variety of memory modules (such as PROM, RAM, or core) in the same system, but 
with different access times. The ATAC-16M processor interfaces directly to 
standard ATAC memory boards without the need for additional timing or control 


logic. Up to 65,536 words of memory can be directly addressed. . 


Memory interface timing is shown in figures 1-1 and 1-2. 
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1.1.6 Instruction Set 


One hundred thirty-one instructions are optimized for real-time 
avionics applications and high-speed arithmetics. Other sets can be easily 
microprogrammed to suit applications. 


eal? Execution Times 


Instruction times are based on an integral 16-MHz system clock, 
yielding a 250-nanosecond microcycle, and are dependent upon the memory system 
used. Complete timing data for each instruction for three memory systems js 
given in Appendix C. Some typical times are given below: 


Add/ Indexed 

Subtract Multiply Divide Load 

Fixed Point (usec): 0.25 5.5 1225 0.75 
Floating Point (usec): 5.75 16.0 28.5 125 


1.1.8 Programmed I/0 


Features include a sixteen-bit, fully buffered, parallel, 
asynchronous I/0 bus; 65,536 addressable I/0 devices; and 500,000 word trans- 


fers per second. Special-purpose and general purpose I/O boards are available. 


1.1.9 Direct Memory Access 


The ATAC-16M CPU interfaces with a multichannel high speed DMA 
controller, and places no throughput constraints on the DMA process. 


1.1.10 Interface Signal Levels 


All signal levels are TTL compatible. Drive and loading are as 
specified in table 1-1. 
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Table 1-1. Typical ATAC-16M Interface Drive and Load Parameters 


Memory/I/0 Address Bus 9-15 


Memory/I/0 Data Out Bus 9-15 
Memory/I/0 Data In Bus 9-15 
Interrupt Input Lines 9-7 
1/0 Device Demand 


1/0 Device Acknowledge 


Memory Read (Write) Request 


Memory Acknowledge 


Output Drive 
48 mA Sink (0) 
12 mA Source (1) 


20 mA Sink (0) 
2 mA Source (1) 


16 mA Sink (0) 
0.8 mA Source (1) 


16 mA Sink (0) 
0.9 mA Source (1) 


Input Load 


20 vA (1) 
-0.4 mA (0) 


40 vA (1) 
-0.72 mA (0) 


40 vA (1) 
-16 mA (0) 
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Data and address buses from the processor are driven by tri- 
state devices and are provided with enable signals which can be externally 
controlled. Memory and I/0 acknowledge signals to the brocessor are terminated 
internally in order to accommodate multiple tristate or Open collector sources. 


Ite died al Interrupts 


There are eight priority interrupt levels (expandable to 64). 
Interrupt system features include automatic hardware vectoring and linkage, 
individual mask Capability, less than 4-microsecond interrupt service micro- 


code response, and in-process interrupt capability on certain long instruc- 
tions (e.g., Search). 


1.1.12 Special Features 


| 
| 
® High performance, real-time emulation capability 

f e Built-in control signals for mul tiprocessor/multicomputer 
applications 

[ e Mating with Extended Arithmetic Processor for high-speed 
floating point and double precision (32-bit) operations 

F @ Compatibility with standard TTY, RS-232 and MIL-STD-1553A 
interfaces 

[ 

| 

I 


1.1.13 Physical Characteristics 


a. Avionics 
Environment: MIL-E-5400, class II 
Size: Single PC board, 6 by 8 inches 
Power: 21 watts (single supply, +5 volts) 


b. Space 


Environment: Vacuum Conduction Cooled 
Size: 6 by 11.5 inches 
Power: 20.2 watts (5-volt single supply) 
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Software - Offline (Support Software) 


Transportable FORTRAN-based instruction-level assembler 


Transportable FORTRAN-based relocating linking loader with 
provisions for code assignment to a variety of memory 
types and mixes 


Instruction-level simulator with automatic program timing, 
instruction frequency count, and complete trace and snap- 
shot memory dump options 


FORTRAN and HAL-S compilers 


Compiler-level systems programming language designed for 
real-time processing and systems control 


BASIC internreter 


Microcode assembler and complete microcode simulator to 
permit evaluation and development of specialized instruc- 
tions 


Programming support system with monitor to permit ease of 
utility software extension 


Programming support software package operating on local or 
remote IBM 360/370; Assembler/Loader operating on any 16- 
bit mini-computer which supports FORTRAN IV. 


Software - Online 


Diagnostic and test software for instructions, interrupts, 
1/0 and memory 
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e Debug package 
e Self assembler, loader, and Operating system 


1.2 | APPLICABLE DOCUMENTATION 


All ATAC computer documentation items are listed in Applied 
Technology Document No. 52-056128 entitled "ATAC Computer Documentation". 
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2.0 ATAC-16M COMPUTER ARCHITECTURE 

The ATAC-16M computer architecture consists of the following 
sections which have been organized to meet the design constraints of high com- 
putation speed with minimum physical requirements: 


e General Register File-ALU 

e Condition Code Register Status 
e Register File Address Logic 

e Utility Register File 

r) Microprogrammed Control 

e Memory-I/0 Interface Registers 
e Interrupt Control 

r) Clock and Timing Logic 


Each section is discussed individually in the following narra- 


tive. Figure 2-1 is a block diagram showing the relationships of the various 
modules. 


2:1 GENERAL REGISTER FILE-ALU 


At the heart of the ATAC-16M is the bit-slice 2901 micropro- 
cessor. Four of these devices are concatenated together to form the RALU sec- 
tion, which contains a 16-bit, 16-word general register file, an arithmetic 
logic unit (ALU) (capable of 32 logical and 24 arithmetic Operating modes on 
two 16-bit variables), a 16-bit Q extension register (used for multiply/divide, 
shift, double precision, and auxiliary storage) and shift logic, permitting 
the output of the ALU to be shifted (in combination with the Q register, if 
desired) one bit at a time left or right. 


The ALU, which uses carry look-ahead for improved speed, is 
supplied with two operands from the five input operand multiplexer. This 


includes a logical ‘zero! operand for simply passing data through the ALU to 


the output Y-bus or internal shift logic. 
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The 2901 microprocessor is controlled by a nine-bit instruction 
word from ATAC-16M's control memory. This word is broken into three 3-bit 
fields internal to the microprocessor to control ALU operand source, ALU oper- 
ation, and ALU output destination (which also includes shift operations) 


eee CONDITION CODE REGISTER (CCR) STATUS 


The ALU of the 2901 microprocessor supplies an overflow bit, 
carry bit, sign bit, and output equal zero bit, which are formed during arith- 
metic and logical operations performed by the ALU. This processor status in- 
formation is saved in a 4-bit condition code register during certain of these 
ALU functions, under microprogram instruction control. The resulting CCR code 
may be tested in the microprogram control section for conditional branching 
on positive, negative, greater than, less than, zero, or overflow, or any com- 


bination of these conditions. The CCR also may source the Y-bus, and in turn 
_ receive inputs from this bus, for use in saving and returning process status 


during and after interrupt processing. 
fou REGISTER FILE ADDRESS LOGIC 


The general register file is supplied with two register addresses 
(A and B) from the register file address logic, in the form of a 4-bit code 
for each address. These may be the Fl field or F2 field of the instruction 
word for the A address, and the F2 field or X1 field of the instruction word 
for the B address. This logic also provides sign extension of the X1, Fl 
literal field of immediate instructions and movement to the microprocessor's 
input D-bus. 


2.4 UTILITY REGISTER FILE 
The utility register file consists of four, 4-bit-slice LSI de- 


vices concatenated together to form a 16-bit, 3-register internal file, a two- 
port output (consisting of a 16-bit output register on one port, and a 2:1 
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multiplexer on’ the other) and a 16-bit input adder. Two of the three internal 
registers are used for general scratch registers by the microprogram control 
section, while the third is used for the program counter (PC). The output 
register is used as the memory address register (MAR). 


The input to the utility register file is first passed through 
the adder, whose one input is the Y-bus (or the Y-bus with upper and lower 
bytes swapped) and whose other input is from one of the three internal util- 
ity registers. This structure permits incrementing of the PC (via carry-in), 
forming effective addresses by combining the PC with Y-bus data, or simply pro- 
vides a path for passing data from the ATAC-16M's Y-bus to the D-bus. 


as MICROPROGRAMMED CONTROL 


The microprogrammed control section of ATAC-16M consists of all 
the logic required to control the processor so that the selected instruction 
set can be implemented. Actually a small computer within a computer, the con- 
trol section consists of a PROM memory with latched output; this memory con- 
tains the micro-instruction set required to perform control and sequencing 
operations of all logic within the ATAC-16M to perform any instruction in the 
processor's repertoire. Broken into 20 field groupings, these memory bits con- 
trol the 2901 microprocessor, the CCR, the register file address logic, util- 
ity register file section, all memory-I/0 interface registers, the interrupt 
network section and the clock and timing logic. 


One of four sources provides the address to the control memory: 
the MAP PROM, microprogram sequencer, feedback from the control PROM, or the 
control panel. The MAP PROM uses the current instruction's operation code 
field (held in the INR register) to form a rearranged address for the control 
memory, allowing up to 256 operation codes. The microprogram sequencer 
provides incrementing by one, as well as subroutine jumps and return linkage 
capability for the microprogram address. The control memory feedback path 
(EMIT) provides direct microcode address jumping ability. 
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The correct source for the next microprogram address is selec- 
ted by the microcode branch conditional logic (an FPLA), based on the condi- 
tion selected by the control memory and conditional inputs both from internal 
(such as processor status from the CCR) and external (such as control panel 
request) sources. 


2.6 MEMORY-I/0 INTERFACE REGISTERS 


There are three input and two output 16-bit registers associ- 
ated with main memory and input/output device interface. The memory data re- 
gister (MDR) is an asynchronous buffer latch between ATAC-16M and external 
asynchronous memory and I/0 devices. Data clocked into this register is not 
used until the end of the current micro-instruction, decoupling main memory 
or 1/0 devices and internal processor timing. If the input data is an in- 
struction word from main memory, it is passed to the memory data register for 
instructions (MDRI) , where it is held for next instruction decoding by the 
control section's MAP PROM. If the input word from memory or the I/0 device 
is data, it passes to the memory data register for data (MDRD) , whose output 
sources the 2901 microprocessor's input data bus (D-bus). The double rank of 
input registers forms the pipelined architecture of the ATAC-16M, which per- 
mits instruction overlap that results in high speed instruction execution. 


The memory address register (MAR) within the utility register 
file is buffered and sent off the processor card as either main memory or 1/0. 
device address. Neither of the two share the same address Space, and thus 
each has 65,536 possible addresses. The arithmetic output register (AOR) 
holds either main memory or I/0 device destined Output data. The three-state 


directional memory and I/0 device data bus, or may be left unattached to pro- 
vide separate unidirectional input and output data buses for the ATAC-16M. 
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ra INTERRUPT CONTROL 


The priority interrupt network of the ATAC-16M consists of a 
single LSI circuit that provides eight fully prioritized, vectored, automatic 
interrupt levels. Pinouts are provided on the card I/0 connector for external 
expansion up to 64 levels, in increments of eight levels. The interrupt 
network contains a rank of flip-flops which capture incoming interrupt signals 
and an interrupt mask register which, under program control, allows an inter- 
rupt to be processed or ignored. 


The interrupt network also possesses a status register that 
holds the encoded level of the currently highest priority interrupt level 
enabled, and uses this knowledge to provide interrupt level nesting (interrupt 
within an interrupt) for up to the full eight levels. Under microcode con- 
trol, interrupts are vectored to the appropriate service routine, without the 
need for software overhead. Interrupt microcode response is 3.25 microseconds, 
plus memory response time (if any), plus instruction latency. 


The ATAC-16M also provides the capability of direct microcode 
interrupt service, skirting the normal interrupt service overhead for high 
speed interrupt (less than 1 microsecond) response. 


28 CLOCK AND TIMING LOGIC 


The ATAC-16M contains a 16-MHz crystal-controlled clock oscil- 
lator, whose output is counted down to 4 MHz to produce the basic 250-nano- 
second microcycle clock, used for clocking all internal registers on the pro- 
cessor. The timing logic contains a built-in synchronizer which provides the 
250-nanosecond clock with a halt and restart feature that permits ATAC-16M to 
operate with memory and I/0 devices of varying speeds, or to operate with an 
externally supplied oscillator, if desired. 
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The timing logic generates the read and write requests to main 
memory or I/0 devices under microprogram control, and accepts acknowledgement 
when data transfer is complete. In this manner the microcycle is either the 
normal 250 nanoseconds, for fast memory, Or extended for slow access memory or 
I/0 devices during a processor read or write microcycle. 
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3.0 INPUT-OUTPUT FACILITIES 
3.1 PARALLEL 1/0 


ATAC-16M's parallel I/0 consists of a set of resources which 
can be programmed, using microcode, to provide a spectrum of I/0 capability. 
The intent of this I/0 structure is to provide ATAC-16M with the facility to 
interface to a variety of devices using a minimum of hardware. Synchronous or 
asynchronous, parallel or serial,. multiword or single word transfers can be 
accommodated exclusively or in combination by ATAC-16M. 


The primary resources of ATAC's I/O are: 


e A 16-bit, bidirectional, 3-state bus for asynchronous data 
transfer (which may also be configured as separate uni- 


directional input and ou data buses 
e A 16-bit address word 


e A control line for strobing address and data to I/0 
devices ? 
4 
e An input acknowledge line for I/0 devices to signal their 
response to instructions or data PIOACK 


Standard programmed data input/output occurs between the I/0 
device and the register file. Any of the 16 registers in the file can output 
to or receive input from an I/0 device. The 16-bit bidirectional bus is a 
buffered, TTL, 3-state bus easily interfaced to a wide range of peripherals. 
The 16-bit address word can be used to define sources, destinations, and 
functions during parallel I/0 operations. 
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A control line referenced asKIOD (1/0 demand) identifies the 
1/0 bus status to the peripherals. An active I0D implies the I/O address is 
valid and the I/0 buses are now ready to accommodate an I/O operation. An 
asynchronous peripheral normally executes the I/0 instruction and signals the 
completion of the instruction by responding with an acknowledge pulse.* If the 
peripheral does not respond with an acknowledge pulse within 64 microseconds, 
the ATAC-16M automatically terminates the operation, and sets overflow as an 
indication that the I/0 operation has been timed out. ¥ PIDACK 


Figure 3-1 is a timing diagram for PIO interface timing. 
She INTERRUPT PROCESSING 


The priority interrupt network of the ATAC-16M provides eight 
fully prioritized and maskable interrupt levels on the processor card. The 
interrupt network is expandable to 64 levels in increments of 8. The proces- 
sor provides full interrupt priority processing without software overhead. 


Incoming signals requesting an interrupt of the ATAC-16M are 
asynchronously ‘latched in' and remembered whenever they are received.* With 
the exceptions described below, the processor examines all interrupts awaiting 
service (‘pending interrupts') after the execution of each instruction. If 
there is an 'armed' interrupt (see below) and if the highest priority ‘armed' 
interrupt is of higher priority than the interrupt level currently being 
serviced (if any), then the processor will pass control to the special inter- 
rupt service routine corresponding to the interrupt priority level just recog- 
nized. 


*Interrupt signals to the ATAC-16M are active low pulses of duration greater 


than 0.03 microseconds and less than 1.0 microsecond. 
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Interrupts to the ATAC-16M are automatically prioritized by the 
use of the interrupt priority register. No interrupt of a lower priority than 
the priority level stored in the interrupt priority register may interrupt the 
ATAC-16M. The interrupt priority register is automatically updated each time 
an interrupt is processed. Prioritization is automatic and thus totally trans- 
parent to the programmer. 


The programmer may at any time set an interrupt mask using the 
SWIM (Swap Interrupt Mask) instruction. Each bit in the interrupt mask cor- 
responds to an individual interrupt level. Bit 0 (the least significant bit) 
corresponds to interrupt level O (the highest priority interrupt). A '1' in 
the bit location of the interrupt mask corresponding to a given interrupt level 
allows an interrupt on that interrupt level to be recognized by the processor, 
subject to the condition that that interrupt level is of the same priority or 
a higher priority than the level stored in the interrupt priority register. 
The particular interrupt is thereby 'armed' or 'enabled'. Conversely, a '0' 
in a bit of the interrupt mask corresponding to a given interrupt level ‘dis- 
arms' or 'disables' that interrupt level. 


All interrupts may be disabled without disturbing the interrupt 
priority register or the interrupt mask by using the DSI (Disable Interrupts) 
instruction. All interrupts are inhibited after execution of the DSI instruc- 
tion until the ENI (Enable Interrupts) instruction is invoked. 


No matter what the state of the interrupt priority register and 
the interrupt mask, any incoming interrupt requests will be latched in and 
‘'remembered' to be processed later on. Even if the interrupts have been dis- 
abled using the DSI instruction, they will continue to be latched in. An in- 
terrupt remains 'pending' until it is either serviced or cleared using the CINT 
instruction. 
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The CINT (Clear Interrupts) instruction allows the programmer 
to selectively clear pending interrupts regardless of the current interrupt 
processing level. The CINT instruction uses a mask (in the same format as the 
‘interrupt mask') which is set up in one of the 16 general purpose registers. 
A 'l' in this mask clears the interrupt level corresponding to the bit position 


of the 'l'. Bit position 0 (least significant bit) corresponds to interrupt 
level 0 (highest priority). 


After the ATAC-16M has been master reset, the interrupt prior- 
ity register will contain the lowest priority level possible, aiven the par- 
ticular interrupt configuration of the particular ATAC-16M computer. The in- 
terrupt mask register will be set to all 'l's so that all interrupts will be 
enabled. However, the interrupt chip will be disabled as though the DSI in- 
struction had been executed. Consequently, no interrupts will be recognized 
until software issues an ENI instruction. Hence, initialization of an execu- 
tive program may be accomplished without being interrupted. (See also appen- 
dix G for Master Reset/Power On Sequence. ) 


The normal interrupt servicing scheme is diagrammed in fig- 
ures 3-2 and 3-3, and is described below: 


Step Operation 
] The PSW is read from the CCR and the IPR and is stored 


in a temporary register. 

2-3 The active interrupt level is determined. The new 
IPR value (active interrupt level minus 1) is computed 
and the IPR is updated. 

4 The active interrupt is cleared. 

5 The address of the pointer to the three-word status 
Save area associated with the active interrupt level 
is computed by adding 4 to the active interrupt 
level. 

6-7 The status save area pointer is read from memory 
location (interrupt level + 4). 
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ENABLED? 


DETERMINE PENDING INTERRUPTS 
“ARMED” BY THE IMR 


ANY 
“ARMED” INTERRUPTS 
PENDING? 


ENCODE HIGHEST PRIORITY 
“ARMED” INTERRUPT LEVEL 
> (IL) 


YES 


CLEAR INTERRUPTS AT LEVEL IL 


SAVE STATUS 
IPR & CCR -+ ((4 + IL)) 
PC + ((4+ IL) + 1) 


UPDATE IPR 
IL-1 + (IPR) 


BRANCH TO INTERRUPT SERVICE 
ROUTINE 
((4+1L)+2)+Pc 


NOTES: 


(1) 


(2) 


(3) 


KEY: 


INTERRUPTS ARE LATCHED (REMEMBERED) IRRESPECTIVE OF THE STATES OF THE INTERRUPT AND 
PROCESSOR HARDWARE; i.e. INTERRUPTS ENABLED OR DISABLED, IMR SET OR CLEARED. 


INTERRUPTS REMAIN LATCHED, 
EXECUTION OF THE APPROPRIA 
CINT INSTRUCTION. 


‘PENDING’ SERVICE UNTIL THEY ARE CLEARED EITHER BY THE 
TE INTERRUPT SERVICE ROUTINE, OR BY THE INVOCATION OF THE 


ANY INTERRUPT PULSES REQUESTING AN ADDITIONAL INTERRUPT AT A LEVEL WHICH IS ALREADY 
‘PENDING’ WILL BE IGNORED UNTIL THE ‘PENDING’ INTERRUPT IS SERVICED. 


(IL) INDICATES THE CONTENTS OF THE MEMORY LOCATION ADDRESSED BY IL (INTERRUPT LEVEL). 


((4 + 1L)) INDICATES THE CONTENTS OF TH 


Figure 3-3. 


E MEMORY LOCATION ADDRESSED BY THE CONTENTS OF 
MEMORY LOCATION 4 + IL. 
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ATAC- 16M Interrupt Processing Flowchart 
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Step Operation 

8 The program status word is read from its temporary 
storage register and is written to the first word of 
the status save area. 

9 The address of the instruction interrupted prior to 
execution is stored in the next location of the sta- 
tus save area. 

10 The beginning address of the appropriate interrupt 
service routine is read from the last word in the 
status Save area. 

11-13 The processor performs an instruction fetch and begins 
execution of the interrupt service routine. 


The ATAC-16M program status word (PSW) is shown in figure 3-4. 
Bits 0 to 3 of the PSW contain the contents of the condition code register at 
the time of interrupt. As many bits of the PSW as are needed for the interrupt 
configuration (up to 6 bits) starting with bit 4 are used to store the inter- 
rupt priority register from the hardware interrupt network at the time of in- 
terrupt. For example, with configurations providing 16 levels of interrupts, 
the interrupt priority register is stored in bits 4 through 7. The remaining 
high order bits are filled with zeros. 


The condition code register contains four bits of ALU status in- 
formation: a zero ALU result indicator, a negative ALU result indicator, an 
arithmetic overflow indicator, and the ALU carry out. The relationship between 
this hardware CCR, the version of the CCR relevant to the programmer and the 
CCR as saved in the program status word is shown in figure 3-4. 


The interrupt level read from the interrupt priority register 
(in step 1 above) and saved as part of the program status word is one less than 
the interrupt priority level (IL - 1) at which the processor was running before 
the new interrupt occurred. The IPR value stored in steps 2-3 above is the new 
active interrupt priority level, less 1. The interrupt level is independent of 
any interrupt mask value. 
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Figure 3-4. ATAC-16M Program Status Word (PSII) 
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For example, suppose the processor is currently executing the 
service routine for interrupt level 3, then the interrupt priority register 
will contain a 2. Now, suppose that while the processor is still executing 
the service routine for interrupt level 3, an interrupt of level 1 occurs and 
that this interrupt level is armed. The interrupt microcode will then save a 
2 as the interrupt level stored as part of the PSW in the status save area re- 
served for interrupt level 1. The interrupt microcode will then update the 
interrupt priority register to a 0. 


As another example, suppose that an ATAC-16M configuration al- 
lows only 8 interrupt levels, that the ATAC-16M is operating in the main pro- 
gram (i.e., the ATAC is not executing an interrupt routine), that the hard- 
ware CCR has just been set to 0010 and the next to the highest priority inter- 
rupt is armed and becomes active. The followina steps are taken: 


Step Operation 
] The interrupt priority register and the CCR are read 


and temporarily saved. The interrupt priority regis- 
ter is updated with a 0. 

2 The processor reads the location of the three-word 
Status save area for interrupt level 1 from memory 
location 5. 

3 The following program status word is formed and saved 
in the first word of the status save area: 


ere Oe De 0 rer 0 LO a wl) oda | Os, | 


Priority CCR 
Register 
4 The address of the instruction which the processor 


was about to execute before the interrupt was recog- 
nized is written to the second word of the status save 
area. 


Step 
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Operation 
Finally, the starting address of the interrupt service 


routine for interrupt level 1 is read from the third 

word of the program save area. This address is loaded 
into the program counter of the ATAC-16M, and the pro- 
cessor begins executing the interrupt service routine. 


Now suppose that the highest priority device requests an inter- 
rupt (the only device which can be recognized), that this interrupt is enabled, 


and that the hardware CCR has now just been set to 9100. 


Step 
] 


The following occurs: 


Operation 
The interrupt priority register and the CCR are read 


and temporarily saved. Since the interrupt priority 
register cannot store a higher priority level than 0, 
hardware internal to the ATAC-16M disables the in-- 
terrupt chip so that no more interrupts may occur un- 
til the execution of the LDST (Load Status) takes 
place. While the interrupt chip is disabled, incoming 
interrupts are latched in. 

The processor reads the location of the three-word 
status save area for interrupt level 0 from memory 
location 4. 

The following program status word is formed and saved 
in the first word of the status save area: 


Oe Oya 20) Us 8" 0400.60) Oo Os ear ty 4 


; Priority CCR 
Register 


The address of instruction which was about to be exe- 
cuted when the interrupt occurred is written to the 
second word of the status save area. 
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Step Operation 
5 Finally, the starting address of the interrupt service 


routine for interrupt level 0 is read from the third 
word of the program save area. This address is 
loaded into the program counter of the ATAC-16M, and 
the processor begins executing the interrupt service 
routine. 


Interrupt service routines are terminated with the LDST (Load 
Status) instruction. The LDST instruction interprets the direct or direct 
indexed operand provided to determine the beginning address of the appropriate 
status save area. The program status word is read and the CCR and IPR are 
restored to the values they held before the current interrupt was honored. 
The address of the instruction which was about to be executed before the 
current interrupt occurred is loaded into the program counter of the ATAC-16M, 
and control is passed to this point. The LDST instruction is the only means 
the programmer has to restore the CCR and the interrupt priority register to 
their previous states. 


The TRAP instruction causes the interrupt logic to be executed 
as though it were an instruction. However, the TRAP instruction leaves the 
value of the IPR unchanged. The status save pointer for the TRAP instruction 
is read from memory location 3. 


With only the exceptions listed below, interrupts can be recog- 
nized between the execution of any two instructions. All interrupts are dis- 
abled between each of the following instructions and the instruction immedi- 
ately following it: | 


ENI Enable Interrupts 

DSI Disable Interrupts (de facto) 

LDST Load Status 

TRAP Trap 

XMDI Execute Modified Instruction 
3-12 
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Once an interrupt has been recognized, the first instruction 
of the appropriate interrupt service routine will be executed regardless of 
any new incoming interrupts of higher priority. Hence, if the DSI instruction 
is the first instruction of an interrupt service routine, the service routine 


is uninterruptable by any interrupt priority level; REE EeD ES will be allowed 
only after the ENI instruction is encountered. 
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4.0 CONTROL PANELS 


ATAC-16M is supported by a control panel device designated the 
"ATAC minicontrol console". It may be used with ATAC computer systems for 
software development and hardware checkout as described in section 4.1. With 
the control panel disconnected, the ATAC-16M processor is automatically 
initialized by the internal microprogram. 


4.1 ATAC MINI CONTROL CONSOLE 


To aid development of software and to assist in system integra- 
tion and testing, the mini control console with comprehensive control func- 
tions is available. Figure 4-1 illustrates the control panel layout. 


Mini control panel features are: 


° Hexadecimal input/output KEYBOARD, and hexadecimal READOUT 
register for entering addresses, counts, or data 


® Built-in real-time breakpoint to provide an automatic pro- 
gram halt at specified memory address register values 


° SELECT SWITCHES to permit inspection and modification of 
all registers 


° Memory addressing and data control to permit transfer of 
keyboard contents into any portion of selected memory 


e INCREMENT/DECREMENT MEMORY ADDRESS controls for main mem- 
ory reference 


0 Programmable status word displayed on panel during compu- 
ter operation 
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7505-4845-405 


ADDRESS: 
REGISTER: 


ADDRESS 


BP swo IMR 


Figure 4-1. 


IPR/CCR MORI so $1 $2 


ATAC Mini Control Console 
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RUN/HALT switch to permit ATAC to commence automatic 
sequencing 


SINGLE INSTRUCTION control to permit manual control over 
hardware to trace machine cycles on an instruction-by- 
instruction basis 

Hexadecimal address addition and subtraction option 


Condition code register and memory fetch phase displayed 


Bootstrap load control to permit operator to invoke the 
ATAC absolute loader 


Built-in teletype interface 
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5.0 PHYSICAL SPECIFICATIONS 
| RELIABILITY 


The high performance and long-life reliability of ATAC-16M is 
the result of ATI's unique fifth generation design, material, manufacturing 
and testing techniques. Beginning at the critical design state with stringent 
"worst case" criteria, development engineers created a system to meet the en- 
vironmental conditions as well as satisfy performance requirements. Mass pro- 
duction, state-of-the-art techniques utilize small, medium and large-scale in- 
tegrated circuits with completely wire-free construction. The computer has no 
processor wires, dissipates less power and has fewer components and connectors 


than any other full-scale, general-purpose digital computer available for use 
in EW and avionics systems. 


Eee 


Reliability features of ATAC include: 


e Maximum use of low-power Schottky TTL integrated circuits 
to minimize power dissipation 


° Replacement of computer hardware with software, thus 


minimizing component count of systems in which ATAC is 
incorporated 


e Use of standard power supply voltages to eliminate system 
interface reactions 


e Use of minimum number of component parts, consistent with 
maximum performance requirements through computerized j 
logic optimization techniques 

| 


e Minimum use of discrete components 
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® Packaging of all integrated circuits in standard, dual in- 
line ceramic-to-metal seal, hermetic packages; no cir- 
cuits repackaged as hybrid devices 
° Mounting of all electronic circuitry on standardized plug- 
in printed wiring assemblies with keyed connectors to 
prevent erroneous installation 
Sag AVIONICS MECHANICAL CONFIGURATION 


The modular packaging design concept of the ATAC is directed 
toward providing the versatility of optional performance requirements and the 
structural and environmental integrity necessary to comply with those require- 
ments of MIL-E-5400, class II. 


The packaging design of ATAC reflects the modular packaging 
technique of "plug-in" subassemblies. Each module contains two printed wiring 
assemblies (PWA's) oriented with components facing inward. The PWA connectors 
are designed to NAFI requirements; interconnection can be accomplished with 
the standard wire wrap back panels suitable for semi-automatic wiring. The 
minimum ATAC consists of only two PWA's, one CPU board (ATAC-16M) and one mem- 
ory board which contains control over 65K words of memory plus on-board memory 
(8K RAM/PROM) . 


Additional single boards can be added for additional 4K or 8K 
of MOSRAM, up to 16K of PROM, and I/O interfaces. Additional boards for A/D 
or D/A conversions are readily packaged into the ATAC modular configuration. 


The basic unit measures 1.8 inches wide by 6.6 inches high by 
8.2 inches long, not including the wire-wrap panel, and weighs approximately 
3 pounds. The estimated power dissipated in the basic unit as heat is 40 
watts. Intermodular channeling is provided to allow forced air cooling where 
necessary. Modules of the unit can be added or deleted according to desired 
performance and memory required, which provides for optional arrangements 
(e.g., ATAC with core memory). 
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5.5 SPACE-QUALITI©D CONFIGURATION 


A space-cualified version, called ATAC-16MS, has been developed 
with the same basic architectural features and instruction repertoire, but 
with a new mechanical configuration. ATAC-16MS design allows for operation in 
the radiation and vacuum conditions of deep space. The new mechanical design 
revolves around a copper thermal overlay placed on the surface of the processor. 
This conduction cooling system transfers the heat from the ICs to the body 
of the spacecraft by mechanical connection. Further information on the 
differences is found in the ATAC-16MS Processor Specification, document no. 


20-059402. 
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6.0 INSTRUC) ION °=T. 

6.1. NUMERICAL REPRESENTATION 

6.1.1 Single Precision Fixed Point 


A single precision numerical quantity is represented in ATAC in 
integer 2's complement form. The value is held in ATAC's basic 16-bit word 
such that bit '0' is the least significant bit. For sign determination, bit 


'F' 7s used. The numerical value appears as follows: 


(2'S COMPLEMENT VALUE) 


6.1.2 Double Precision Fixed Point 


ATAC has the means to do double precision arithmetic operations 
such as double precision addition and subtraction. Furthermore, the multipli- 
cation and division operations involve double precision quantities in the form 


of product and dividend. 


The representation of data as double precision in ATAC is simi- 
lar to the single precision case, in that quantities are in integer 2's com- 
plement notation, and the most significant bit indicates the sign. The double 
precision operations require data to be loaded into two consecutive general 


registers, as shown below: 


(MOST SIGNIFICANT [2’S COMPLEMENT] ) 


REGISTER N+1 


F 0 
REGISTER N (LEAST SIGNIFICANT [2’S COMPLEMENT] ) 
F 0 
6-1 
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ped Floating Point Numbers and Arithmetic 


A floating point number occupies two 16-bit words or registers. 


The sign and the most significant 15 or 16 bits of the mmantissa occupy one 
word (register), while the balance of the mantissa together with the exponent 
occupies the next lower addressed word (register) as shown in the following 


figure: 
IF 101F 8l7 0< BIT # 
EXPONENT 

(ADDR+1) | (ADDR) 

(REG S+1) | (REG S) 

(REG T+1) | (REG T) MEMORY 
REGISTERS 
| 


ete BINARY POINT 


71906-4845-1312 

The mantissa of a positive number is a 23-bit.binary frac- 

(on, with the binary point placed as shown in the figure. The mantissa 

sf a negative number consists of its sign bit, set to 1 and having the nu 
value of -1, plus a positive fraction appearing to the right of the binar, 
uoint. The mantissa of a floating point zero is all zeros. With the exee 

‘ion of floating point zero, all floating point operands are assumed tu ° 

sormalized; i.e., the sign bit and the first fraction bit are different. 
‘-cuned" means that floating point onerations do not check this condition 

/ do not pre-normalize. Valid floating point operations produce post- 


revwalized results, again with the exception of zero. 
The exponent represents the power of 2 by which the mantissa 


must be multiplied to arrive at the value represented by the floating poir 
number taken as a whole. Thus, for example, the number 1 is representec. 
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(The first hexadecimal digit of the mantissa is written as octal, since it 


has only 3 fraction bits.) 


To avoid signed exponents and to simplify implementation, the 
exponent is converted to an unsigned quantity by adding 128, 9 (80, ¢) to its 
true algebraic value (excess-128 exponent). Thus, 00 represents pre ; 

8016 represents 20 and FFi¢ represents gl27, the exponent of a floating point 


zero is also equal to zero. 


Two fault conditions arise in floating point computations: 
exponent underflow and exponent overflow. Exponent underflow arises when the 
magnitude of a result would have a true exponent less than -128) 5: In this 
case, the result is set to floating point zero and the CCR indicates a zero 
result indistinguishable from a true zero result. Exponent overflow arises 
when the magnitude of a result would have a true exponent greater than +1271 9: 


‘In this case, the result is set to FFFFFFFF (not a valid floating point 


number, since it is not normalized) and the CCR's overflow indicator is turned 


on. 


Some examples of floating point numbers and their evaluation 


are given in appendix F. 


6.1.4 . Floating/Fixed Conversions 


Instructions have been provided which permit conversion between 
floating and double precision fixed point data formats utilizing programmer 


specified scaling. See FLT and FIX. 


6.1.5 The Condition Code Register 


As indicated in figure 3-4, there are three versions of the 
CCR: the actual hardware CCR, the 1's complement of the hardware CCR saved 
in the PSW (and displayed on the minipanel) and the CCR as perceived by the 
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programmer. All references to the CCR from this point forward will be to 


“he iatter CCR, as shown in the following figure: 


Ov N Z P 


SS Se 


Programmer's CCR 


Each arithmetic, logical, compare or load-type instruction 
whicn affects the CCR sets one (and only one) of the three bits N, Z or P 
on the basis of a 16-, 24- or 32-bit result: 


N= 1] If and only if the left-most bit of the result = 1 
Z= 1 If an only if all bits of the result = 0 
ii If and only if the left-most bit of the result = 0 


and at least one other bit = 1 


These -uies apply regardless of the occurrence of arithmetic overflow. The 
role of Ov , the CCR's overflow bit, is explained below: 


a. Fixed Point Arithmetic 


In excecuting a fixed point addition, subtraction or com- 
parison (a subtraction which does not save the result) it is possible to 
generate a result which violates the meaning of the sign bit. Three typica! 
examples follow (ail unsubscripted numbers are hexadecimal): 


1) Add two positive numbers and get a negative result: 


7FFF + 0001 = 8000 


In this case, Ov«1 to indicate the sign violation 
and NZP <« 100, according to the rules stated above. 
Thus, CCR = 1100,,. The significance of Ov=l is 


that it permits branching on a positive condition, 
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2llowing comparisons of signed numbers. For example, 
comparing 7FFF to FFFF will cause the result shown 
above. The ability to branch on positive indicates 
that 7FFF is indeed greater than FFFF (-1). 


2) Subtract a positive number from a negative number and 
get a positive result: 
Compare 8000 to 0001 
8000 - 0001 = 7FFF (not stored) 
CCR = 1001, 
Here, the CCR = 1001, permits branching on negative 
(less-than) indicating that 8000 (-32768, 5) is less 
than 1. 


3) Add two negative numbers and get zero: 
8000 + 8000 = 0000 
CCR « 1010, 
This setting of the CCR permits branching on negative 
(sign of the true result) and on zero. 


In fixed point division, Ov is used to indicate the aborted 
generation of a quotient not in the range -32768 < Q) < 3276719. The NZP bits 
will vary, depending on where the overflow was detected in the algorithm. 


b. Floating Point Arithmetic 


In floating point arithmetic, Ov = 1 indicates exponent 
overflow; i.e., a result has been generated which is oe . This use of 
Ov also pertains to exponent overflow during a fixed point to floating point 
conversion operation. During a floating to fixed conversion, Ov< 1 indi- 


cates a scaling violation. 
c. Other 


During 1/0 operations, Ov is used to indicate timing-out 


of the interface. 
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INSTRUCTION FORMATS 


The ATAC-16M has a full set of instructions and addressing 
modes. The set includes instructions for fixed and floating point arithmetic 
operations, bit and byte manipulation, word comparisons, subroutine linkage, 
branching, priority interrupt control, word-parallel input/output, and the 
powerful word and byte compare above limits and below Timits search instruc- 
tions. With the exception of the ‘trap’, 'halt', 'ENI' and 'DSI' instructions, 
all instructions are expressed in one of four formats, as shown in figure 
6-1. . 

The instructions with formats of RR, IS, and RX are all single word instruc- 
tions, while the NL format implies a double word instruction. Usually, the 
second word of an 'NL' is used to enter a 16-bit data value; either as an ad- 
os or as a literal signed two's complement numerical value. Note that 'n- 


‘iteral value entered in an 'IS' instruction is limited to 8 bits; for 8-b 


‘iteral data quantities, values must be in the range: 
-128 = <Value = <+127 


ivile the effective address of this 8-bit field when added to PCR (for a 
»ranch conditional short) has the range: 


(PCR) - 126 = <effective address> = (PCR) + 129 


-jout this section, parentheses will designate ‘contents of'. For *x- 


(REG T) 


's pead: contents of register 'T'. Single quotation marks will be used to 
indicate the value entered in an assembly instruction field such as ‘Reg S' 


rastruction: 


ADD R, "REG T', 'REG S' 


= = c = = = 2 = = f 
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In add?*ion, a special convention is used in instructions which have a ‘count’ 
freld, such as the count field in a shift instruction which counts the number 


of bits to be shifted. The convention is: 


In all count fields, the 'count' value is one less than the number 


of operations to be accomplished. 


kENOTE** 
The actual count is entered in the assembler instruction. 
The assembler decrements the actual count to generate 


‘count-1' in machine code. 


6.3 ADDRESSING MODES 


All basic instructions are modified by addressing 'modes'. The 


egal modes for each instruction are listed in the summary box at the begin- 


ning cf the instruction description. 


During ATAC-16M operation, instructions generally take source 
data (operands) from one of the following memory elements: the file of 16 
generai registers, memory, the instruction word, or an input device; and re- 


sults cf the operations are generally placed in one or more general reqisters. 


This ruje applies to all instructions except those which specifically trans-~ 


fer register contents to main memory (e.g., the ‘store’ instructions). 
ATAC provides seven basic operand addressing modes as follows: 
1. Register Addressing (R Mode) 
The operand is located in the register file; the register 


address is specified in the S or T field of the instruc- 


tion word, RR format. 
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Immediate Addressing (I Mode) 


The operand is located in the word immediately following 
the instruction word in memory; i.e., the operand word of 
the NL format. 


Direct Addressing (D Mode) 


The operand is located at the memory address specified in 
the word immediately following the instruction in memory; 
j.e., the operand word of the NL format. 


Direct-Indexed Addressing (DX Mode) 


The operand is located at the memory address specified by 
the sum of the base address (immediately following the 
instruction word in memory), and the contents of a general 
register whose address is specified in the S field of the 
instruction word, NL format. 


Register-Index Addressing (RX Mode) 

The operand is located at the memory address specified 

by the sum of the contents of two general registers whose 
addresses are specified in the S and X fields of the 
instruction word, RX format. 


Immediate Short Addressing (IS Mode) 


The operand is located in the operand field of the instruc- 


tion word, IS format. 


52-054614 


7. Direct Register Mode (DR Mode) 


The operand is located at the memory address specified by 
the contents of the general register specified in the 'S' 
field of the instruction word, RR format. 


The ATAC assembler utilizes other unique mode designator mne- 
monics for certain special instructions; these special instructions are de- 
scribed individually in the subsequent sections. 
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ADDITION 
MODES: R, I, D, DX, IS, RX, DR 


CONDITION CODE: The condition code for ‘addition’ 
is always set by the contents of 
the terminal register, ‘REG T' 
as follows: 

S ZERO NEG 


PO 
0001 0010 0100 


1100 1001 
1016 * 


*This case occurs only when the addition 
is 8000 + 8000. 


No Overflow 


Overflow 
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ADD REGISTER 


MODE DESIGNATOR R 
~ ASSEMBLER FORMAT ADD R, 'REG T', 'REG S' 


RR_ FORMAT 


The contents of 'REG T' are added to the 
contents of 'REG S'. The sum appears in 
"REG T', and the condition code register 
is set. 


(REG T) «+ (REG T) + (REG S) 


SET CCR 


OP CODE: 80 S FIELD T FIELD 
1 0 0 o 0. oO WMOITIOgAR EE G@ SJR E 6 TF 
F 8 4 
DESCRIPTION 
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ADD IMMEDIATE 
MODE DESIGNATOR I 
~ ASSEMBLER FORMAT ADD I, 'REG T', 'DATA' 
NL FORMAT 
OP CODE: 81 S FIELD T FIELD 
1 0.0 ee OO Oe Oa RoE canes 
F ny 4 3 0 
OPERAND 
Fe 0 
DESCRIPTION 


The signed, 16-bit value entered as ‘data’ 
is added to the contents of 'REG T' and 
the sum appears in 'REG T'. The condition 
code is set. The 'S' field is not used. 


(REG T) « (REGT) + ‘DATA’ 


SET CCR 


ADD DIRECT 


MODE DESIGNATOR 


ASSEMBLER FORMAT 


NL_ FORMAT 


F 


DESCRIPTION 


OP CODE: 


D 


ADD D, "REG T', ‘ADR’ 


oe 7 4 


OPERAND 
Die Diet Dee adie Ob £8 


The contents of the operand data field 
are treated as an address. The contents 
of that address are added to the contents 
of 'REG T'. The sum appears in 'REGT', 
and the condition code is set. The 'S' 
field is not used. 


(REG T) + (REG T) + (ADDRESS) 
SET CCR . 


82 S, FIELD doer LED 


Roste eu w0lmO A) Uy 0 wieder = 
3 


jo) 


ADD DIRECT-INDEXED 


MODE DESIGNATOR Dx 


“ASSEMBLER FORMAT ADD DX, 'REG T', 'BASE', ‘REG S' 


NL_ FORMAT 


G 


OP CODE: 83 S FIELD T FIELD 
ie 0. 0). lO eee, oka REG iS RE 
F & 7 4 
OPERAND 
BAS Bee MD DP Re be aes 
F 
DESCRIPTION 


The 'base' value is added to the contents 
of 'REG S' to form an address. The 
contents of that address are added to 
the contents of 'REG T' and the sum ap- 
pears in 'REGT'. The condition code is 


set. 


(REG T) « (REGT) + ((REG S) +BASE) 
SET CCR 


52-054614 


7 
0 


52-054614 


MODE DESIGNATOR 
ASSEMBLER FORMAT 


IS FORMAT 


OP CODE: 


bESCRIPTION 


ADD IMMEDIATE SHORT 


IS 


ADD IS, 'REG T', 'LIT' 


6 OPERAND T FIELD 
le: Ge ee ee ee es Ee ee 
8 4 


Ww 


The signed 2's complement eight bit 
literal data value (range -128 to +127) 
is sign extended and added to 'REG T'. 
The sum appears in 'REG T', and the 
condition code is set. 


(REG T) + (REG T) + 'LITERAL' 
SET CCR 


52-054614 
ADD REGISTER INDEXED 
MODE DESIGNATOR — RX 
‘ASSEMBLER FORMAT ADD RX, 'REGT', 'REG S', ‘REG X’ 
RX_ FORMAT 
OP CODE: 7 X FIELD S-FIELD T FIELD 
ee ee ek Oe sae ee | 
F cB 8 7 art 3 0 
DESCRIPTION 


The contents of the register specified as 
'REG X' are added to the contents of 

'REG S' to form an address. Both 'REG X' 
and 'REG S' can be used as an index or 
base register. The contents of the 
resulting address are then added to the 
contents of 'REG T', and the sum appears 
in 'REG T'. The condition code is set. 
The sum appears in 'REGT'. The condi- 
tion code is set. 


ee — os 
2 2S soo ~~ TT —___eaaaaa — — 
> - _ - 0 ooeSOVO 


(REG T) + (REG T) + ((REG S)+(REG X)) 
SET CCR 


| 
| 
| 
f 
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ADD DIRECT REGISTER 


MODE DESIGNATOR DR 
ASSEMBLER FORMAT ADD DR, ‘REG T', ‘REG S' 


RR_ FORMAT 


QP CODE: BE S FIELD T FIELD 
Eh es 


DESCRIPTION 


The value at the address contained in 
'REG S' is added to the contents of 
‘REG T'. The sum appears in 'REGT’, 
and the condition code is set. 


(REG T) + (REG T) + ((REGS)) 
SET CCR 


meg —_ = = 


AND 


MODES: R, I, D, DX 


AND Truth Table 


RESULT 


CONDITION CODE: The condition code for the ‘AND’ 
operation is always set by the 
contents of the terminal register, 


ineg T', The overflow is always zero. 


(REG T) > 0, Condition Code is 0001 
(REG T) 0, Condition Code is 0010 
(REG T) < 0, Condition Code is 0100 
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AND REGISTER 
MODE DESIGNATOR 


ASSEMBLER FORMAT AND R, 'REG T', 'REG S' 


RR FORMAT 
OP CODE: AO S FIELD T FIELD 
ee Ge a a es a ee ee | 
F a 9 4 3 0 
SESCRIPTION 


The bits in 'REG S' are 'ANDed' with the 
bits of 'REG T'. The logical product is 
placed in 'REG T', and the condition code 
is set. 


(REG T) « (REG T) <AND> (REG S) 
SET CCR 
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AND IMMEDIATE 


MODE DESIGNATOR I 


NL_FORMAT 
OP CODE: Al S FIELD TRIELED 
1.30. he roe ree OO Ooh SE GT 
F Ss ae 0 
OPERAND 


DESCRIPTION 


The bits of the word appearing as ‘data’ 
are 'ANDed' with the bits of 'REGT'. 

The logical product is placed in 'REG T', 
and the condition code is set. The 'S' 
field is not used. 


(REG T) «+ (REG T) <AND> ‘DATA’ 
SET CCR 
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AND DIRECT 
MODE DESIGNATOR 0D 
ASSEMBLER FORMAT AND D, ‘REG T', ‘ADR' 


NL FORMAT 


i 

OP CODE: A2 S FIELD T FIELD 

| | Sg ec ON 1 ee 
F 8 7 4 3 0 
| 


| _ OPE RAND 


DESCRIPTION 


The contents of the operand data field 
are treated as an address. The contents 


of that address are 'ANDed' with the 

| contents of 'REG T', and the logical 

a product is placed in 'REG T'. The con- 

| dition code is set. The 'S' field is not 
| used. 


(REG T) + (REG T) <AND> (ADDRESS) 
SET -CCR 
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AND DIRECT-INDEXED 


MODE DESIGNATOR 


- ASSEMBLER FORMAT 


NL_FORMAT 


DESCRIPTION 


DX 


AND DX, 'REG T', 'BASE', 'REG S' 


OP CODE: A3 S FIELD | FIELD 
Tek ok 2 Che neon ee 
a7 4 3 0 
OPERAND 
A. Se Ao be oR bees 8 
0 


The 'base' value is added to the contents 
of 'REG S' to form an address. The 
contents of that address are 'ANDed' 

with the contents of 'REG T', and the 
logical product is placed in ‘REG cae 
The condition code is set. 


(REG T) « (REG T) <AND> ((REG S)+BASE) 
SET CCR 
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BAL 


BRANCH AND LINK 


MODES: R, I, D, DX 
CONDITION CODE: The condition code is not changed 


for any of the 'BRANCH AND LINK’ 
type instructions. 
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BRANCH AND LINK REGISTER 
MODE DESIGNATOR = R 
ASSEMBLER FORMAT BAL R, 'REG T', ‘REG S' 


RR_FORMAT 


OP CODE: EC S FIELD T FIELD 
toad 8 1. 1. Ol BE. 8 8 SE. G 


DESCRIPTION 


The address of the instruction following 
the ‘branch and link' instruction is 
stored in 'REG T'. The program counter 
is then set to the contents of 'REG S’. 
Thus, a return can be made to the ad- 
dress contained in 'REG T'. The condi- 
tion code is not changed. 


NOTE: If S=T, the location of the next sequential 
instruction is recorded in REG S and the next 
sequential instruction is executed. This 
allows setting up a base register for position 


independent code. 


(REG T) < ADDRESS OF NEXT SEQUENTIAL INSTRUCTION 
(PCR) « (REG S) 
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The address of the instruction following 
the ‘branch and link' instruction is 
stored in 'REGT'. The program counter 
is then set to the value entered as 
‘address', causing a branch to that ad- 
dress. A return can be made to the ad- 
dress contained in 'REGT'. The 'S' 
field is not used, and the condition 
code is not changed. 


(REG T) <« ADDRESS OF NEXT SEQUENTIAL INSTRUCTION 
(PCR) + ADDRESS 
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BRANCH AND LINK IMMEDIATE 
MODE DESIGNATOR I 
- ASSEMBLER FORMAT BAL I, 'REG T', ‘ADR' 
NL FORMAT 
OP CODE: ED S FIELD T FIELD 
(el ee CC 
F 8 7 4 3 0 
OPERAND Y 
Ava Re FSS. oS 
F 0 
DESCRIPTION 


—— _ 


————— 
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BRANCH AND LINK DIRECT 


MODE DESIGNATOR D 


~ ASSEMBLER FORMAT BAL D, 'REG T', ‘ADR' 


NL_FORMAT 
OP CODE: EE S FIELD T FIELD 
: Re SeNES: BSE. Arges! jen Soceee Aewne se Gee Laees ee ee ae eee ee 
F 8.-.7 4 3 0 


The address of the instruction following 
the 'branch and link' instruction is 
stored in 'REG T'. The value entered as 
operand data is treated as an address, 
and the contents of that address are 
loaded into the program counter. Thus, 
a branch can be made with the return ad- 
dress saved in 'REG T'. The condition 
code is not changed, and the 'S' field 
is not used. 


(REG T) +« ADDRESS OF NEXT SEQUENTIAL INSTRUCTION 
(PCR) + (ADDRESS) 
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BRANCH AND LINK DIRECT-INOEXED 
MODE DESIGNATOR DX 
‘ASSEMBLER FORMAT BAL DX, ‘REG T', 'BASE', 'REG S' 
NL_FORMAT 
e OP CODE: EF. _ S$ -FIeco T FIELD 
cto se Oo Pee nate. Gi al 
Re ag e 9 4 3 0 
OPERAND 
Bo Nis Gee x 0. 0. 8 Eas S 
F 0 
DESCRIPTION 


The ‘base’ value is added to the contents 

of 'REG S' to form an address. The contents 
‘of that address are loaded into the proaram 
counter causing a branch. The return 
address is saved in 'REG T'. The condition 
code is not changed. 


TEMP « ((REG S) + BASE) 


(REG T) « ADDRESS OF NEXT SEQUENTIAL INSTRUCTION 
(PCR) « TEMP | 
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BRC 


BRANCH ON CONDITION 


EEE 
eT = eee —— 


MODES: R, I, D, DX, IS 


CONDITION CODE: The condition code for the branch 
on condition instructions is not 
changed. 


CONDITION MATCH: The CCM/CCR match occurs as shown 
in the following table: 


CCR SETTINGS THAT 
WILL ALLOW BRANCHING 


O80) 4, Ue 5) 5! Sa ae 
PROGRAMMER NOTE: The ATAC assembler provides 
optional symbolic entry of branch 
conditions for all variations 
of Branch on Condition. See 
Anpendix A. 
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BRANCH ON CONDITION REGISTER 


MODE DESIGNATOR R 


SLER FORMAT BRE R,'CCM', 'REG S' 
RR_FORMAT 
OP CODE: BF S FIELD T FIELD 
ee es a Rs ae: a Oe ae ae a C 
e 7 ee ie ee 
DESCRIPTION 


The contents of the condition code 
register (CCR) are compared with the 

four bits of the condition code 

mask (CCM). If any bits match*, the con- 
tents of 'REG S' are loaded into the 
program counter causing a branch. If no 
bits match*, no branch occurs, and the 
next instruction is executed. 


TEST: | (CCR)<AND>(CCM) ; 
NO MATCH? -- EXECUTE NEXT SEQUENTIAL INSTRUCTION 
ANY MATCH? -- (PCR) + (REG S) 


*See table on page 6-33. 
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BRANCH ON CONDITION IMMEDIATE | 
MODE DESIGNATOR =| 
ASSEMBLER FORMAT BRC I, ‘CCM’, ‘ADR’ 
NL_ FORMAT 
OP CODE: C1 S FIELD T FIELD 
i) OR tO” NG: owe Oi ce 
F 8 7 r Segily i can ia 
OPERAND 
ee ae 

F 0 

DESCRIPTION 


The contents of the condition code register (CCR) are compared 


with the four bits of the condition code mask 
(CCM). If any bits match*, then the value entered as ‘address' 


is loaded into the program counter causing a branch to that 
location. If no bits match*, no branch occurs, and the next 


instruction is executed. 

TEST: (CCR) <AND>(CCM); 

NO MATCH? -- EXECUTE NEXT SEQUENTIAL INSTRUCTION 
ANY MATCH? -- (PCR) ~« ADDRESS 


'*See table on page 6-33. 
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BRANCH ON CONDITION DIRECT 


MODE DESIGNATOR D 


ASSEMBLER FORMAT BRC D,'CCM','ADR' 


NL FORMAT 
OP CODE: C2 S FIELD T FIELD 
] ] 0 0 0 0 1 Oye 0 40:50 ~0 GC 6 OM 
F 4°3 2 1 0 
OPERAND 

I New eek Ree. Comal AOD a Di eRe ee eS I 

F 0 
DESCRIPTION 


The contents of the condition code register (CCR) are compared wit! 
the four bits of the condition code mask (CCM). If any match*, tne 
the value entered as operand is treated as an address, and the pro- 
gram counter is set to the contents of that address causing a branch 


If no bits match*, no branch occurs, and the next instruction is exe- 


cuted. The 'S' field is not used. 


TEST: (CCR)<AND> (CCM) ; 
NO MATCH? -- EXECUTE NEXT SEQUENTIAL INSTRUCTION 
ANY MATCH? -- (PCR) + (ADDRESS) 


*See table on page 6-33. 
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BRANCH ON CONDITION DIRECT-INDEX 
MODE DESIGNATOR DX 
"ASSEMBLER FORMAT BRC DX,'CCM','BASE', ‘REG S' 
NL_FORMAT 
OP CODE: C3 S FIELD T FIELD 
a ar ei ok ee es ee 
F ee oat valerie 
OPERAND 
BASE ADDRESS 

F ; 0 

DESCRIPTION 


The contents of the condition code register (CCR) are compared 


with the four bits of the condition code mask (CCM). If any 
bits match*, then the value entered as 'BASE' is added to the 


contents of 'REG S' to form an address, and the contents of 
this address are loaded into the program counter. If no bits 
match*, no branch occurs, and next instruction is executed. 
TEST: (CCR) AND (CCM); 

NO MATCH? -- EXECUTE NEXT SEQUENTIAL INSTRUCTION 

ANY MATCH? -- (PCR) + ((REG S )+BASE) 


*See table on page 6-33. 
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BRANCH ON CONDITION SHORT 


MODE DESIGNATOR IS 


ASSEMBLER FORMAT BRC 1S,‘CCM', ‘ABSOLUTE BRANCH ADDRESS' 


IS FORMAT 
OP CODE: 0 OPERAND T FIELD 
0 0-90 0 PC RELATIVE ADDRESS oe Oe ae 
F Cc 6B Ae 2. eG 
DESCRIPTION 


The contents of the condition code register (CCR) are compared 
with the four bits of the condition code mask (CCM). If any 
bits match*, the relative address given is added to the program 
counter Causing a branch. That relative address must use the 
current program counter +2 as its origin. The range of the 
branch is +129 to -126 from the current program counter value. 
If no bits match*, no branch occurs, and the next instruction 
is executed. 


TEST: (CCR)<AND>(CCM) ; 
NO MATCH? -- EXECUTE NEXT SEQUENTIAL INSTRUCTION 
ANY MATCH? -- (PCR) <« (PCR) + 'PC RELATIVE ADDRESS' + 2 


*See table on page 6-33. 
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CONDITION CODE: The condition code for all compare 


*Note: 
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Lg ET = 


COMPARE BETWEEN LIMITS 


CBL 


between limits instructions is set 
the same way upon completion of 
instruction. 


Value Below Limits: Condition Code is 0100 or 1001* 
Value Within Limits: Condition Code is 0010 
Value Above Limits: Condition Code is 0001 or 1110* 


Range of operand and limit value is: 
-32768 < Value < 32767 


The result of the Compare Between Limits 
operation may set the overflow bit.) An 


this case, the overflow indicator does 


not imply an error condition. 


52-6614 


MODE DESIGNATOR 


ASSEMBLER FORMAT 


RR_ FORMAT 


DESCRIPTION 


| COMPARE BETWEEN LIMITS REGISTER 


R 


CBLR, REG. T's “REG: Sf 


OP CODE: 88 S FIELD T FIELD 


a a 6 RR CO A eS a 


The content of 'REG T' is compared 

with the lower limit 

(contents of 'REG S') and the upper limit 
(contents of 'REG S+1'). The condi- 
tion code is set. No values are 
modified. 


(REG T) : VALUE BEING COMPARED 
(REG S) : LOWER LIMIT FOR COMPARISON 

(REG S+1): UPPER LIMIT FOR COMPARISON 

VALUE BELOW LIMITS: (REG T) < (REGS) ; 

VALUE ABOVE LIMITS: (REG T) > (REG S +1); 

‘VALUE WITHIN LIMITS: (REG S) < (REG T) < (REG S+1) 


SET CCR 
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COMPARE BETWEEN LIMITS DIRECT 
MODE DESIGNATOR OD 
ASSEMBLER FORMAT  CBL D, 'REGT', ‘ADR’ 
NL_FORMAT 
OP CODE: 8A S FIELD T FIELD 
1.0 0.0. Db Omeuceeo 0 0 TRE GI 
F 8 7 ae 0 
OPERAND 
ADDRESS 

F | 0 

DESCRIPTION 


The contents of 'REG T' are compared with the 
lower limit value at 'ADDRESS' and the upper limit value 
at 'ADDRESS' +1. The condition code is set and the 'S' field 


is not used. No values .are modified. 


(REG T): VALUE BEING COMPARED 
(ADR) : LOWER LIMIT OF COMPARISON 
(ADR+1): UPPER LIMIT OF COMPARISON 


VALUE BELOW LIMITS: (REG T) < (ADDRESS) ; 

VALUE ABOVE LIMITS: (REG T) > (ADDRESS go Wee 

VALUE WITHIN LIMITS: (ADDRESS) < (REG T) «< (ADDRESS +1) 
SET CCR 
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52-054614 


COMPARE BETWEEN LIMITS-DIRECT INDEXED 


MODE DESIGNATOR DX 


ASSEMBLER FORMAT CBE De, "REG {, "BASES, “REG &’ 


NL_FORMAT 
OP CODE: 8B S FIELD T FIELD 
63 8: 6 +. 1) RE See es 
F 8 7 ie. 0 
OPERAND 
BASE ADDRESS 
F 0 
DESCRIPTION 


The contents of 'REG T' are compared with the lower limit 
value at 'BASE' + (REG S) and the upper limit value at 
'BASE' + (REG S) +1. No values are modified, and the 


condition code is set. 


(REG T) : VALUE COMPARED 
"BASE' : BASE ADDRESS 
(REG S) : INDEX TO BE USED WITH ‘BASE’ 


(BASE+(REGS)): LOWER LIMIT FOR COMPARISON 
(BASE + (REG S) +1): UPPER LIMIT 
VALUE BELOW LIMITS: (REG T) < (BASE + (REG S)); 
VALUE ABOVE LIMITS: (REG T) > (BASE + (REG S) +1); 
VALUE WITHIN LIMITS: (BASE + (REG S)) < (REG T) < (BASE + ‘0° 
SET CCR 

6-42 
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CLEAR INTERRUPTS 


MODES: R 


CONDITION CODE: The condition code is not changed 
by execution of this instruction. 
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52-054614 


CINT 


ih cet cla, 
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52-954614 


CLEAR INTERRUPTS -REGISTER 


MODE DESIGNATOR 
ASSEMBLER FORMAT 


RR_FORMAT 


DESCRIPTION 


R 


CINTER, "REG S* 


OP CODE: 89 S FIELD T FIELD 


’ & & o. 25k © 6S Re. ¢ 
7 “3 


This instruction clears the pending inter- 
rupts which correspond to the bits set to 

a 'l' in the 'MASK' contained in 'REG S'. 
If no interrupt indicated by the 'MASK' is 
active, then this instruction has no effect. 
Bit positions 0 to 15 in the 'MASK' corres- 
pond to interrupts levels 0 to 15 (only 
levels 0 to 7 are provided on the one-card 
ATAC-16M). The interrupt mask register is 
not changed; the 'T' field is not used. 

The intent of this instruction is to clear 
pending interrupts regardless of the cur- 
rent interrupt processing level. Refer to 


interrupt processing, section 3.2. 


6-44 


0) 


0 
0 


52-054614 


COMPARE MASKED EQUALITY 


MODES: R, I, D, DX 


CONDITION CODE: The ‘COMPARE MASKED EQUALITY' 
instructions set the condition 
code to show equality between 
masked fields of 'REGT' and 
'REG S' as follows: CME 


EQUAL 
CCR SET 0010 (ZERO) 


NOT EQUAL 
CCR SET 0001 (POS) When mask sign bit is '0', 


or when sign bit of 'REGT' 
and 'REG S' are identical. 


CCR SET 0109 (NEG) When sign bits in ‘REG a i 
and 'REG S' differ, and 
the sign bit of the mask 
CN gs 


EXAMPLE OF MASKED EQUALITY 
MASK Sie NCOFOKO. sO! Taber Lat 


OPERAND 1 Co ek OX Oe 01 0 
OPERAND 2 X10XXXOX1100X Oe 0 
CCR Result 01 0 


EXAMPLE OF MASKED INEQUALITY 

MASK Gap cOnorO 10: LO kel 
OPERAND17 XOOXXXO0X1011X000 
OPERAND 2 XO1TXXXOX1010X000 
CCR Result 001 


(NOTE: X may be either a ‘1’ or oi 0 uae 


6-45 


COMPARE MASKED EQUALITY-REGISTER 


MODE DESIGNATOR 


ASSEMBLER FORMAT 


{ 
| 
q 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
] 
| 
| 
| 


R 


CME R, "REG T', ‘REG $' 


OP CODE: DO S FIELD 
te Oo OTR =e ee See 
a0 F 4 3 


The value in 'REG T' is exclusive OR'ed 
with the value in 'REG S'. The results 
of the operation, in which a ‘'1' occurs 
only when corresponding bits are not 
equal, are ‘'ANDed' with the mask in 

'REG T +.1'. The condition code is set. 


((REG T) <XOR>(REG S)) <AND> (REG T+1) 
SET CCR 
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52-054614 


COMPARE MASKED EQUALITY -IMMEDIATE 


MODE DESIGNATOR I 
ASSEMBLER FORMAT CME I, 'REG T', ‘DATA' 


NL_FORMAT 


OP CODE: DI S FIELD T FIELD 
Ae ee ec eee es ee ae 


OPERAND 


DESCRIPTION 


The value entered as 'DATA' is exclusive 
OR'ed with the contends of 'REGT'. The 
results of that operation, in which a mA 
occurs only when corresponding bits are 
not equal, are 'ANDed' with the mask in 
'REG T+1'. The condition code is set, 
and the 'S' field is not used. 


((REG T) <XOR> 'DATA') <AND> (REG T+1) 
SET CCR 
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52-0546 14 
COMPARE MASKED EQUALITY 


MODE DESIGNATOR D 
ASSEMBLER FORMAT CME D, 'REG T', 'ADR' 


NL_ FORMAT 


OP CODE: D2 S$ FIELD aay EY) 


OPERAND 


F 


The value found at 'ADDRESS' is exclusive 
OR'ed with the value in 'REGT'. The re- 
sults of that operation, in which a '1' 
occurs only when corresponding bits are 
not equal, are 'ANDed' with the mask in 
'REG T+1'. The condition code is not 
used, and the 'S' field is not used. 


((REG T) <XOR> (ADDRESS)) <AND> (REG at) 


SET CCR 
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52-054614 
COMPARE MASKED EQUALITY 
MODE DESIGNATOR DX 
ASSEMBLER FORMAT CME DX, 'REG T', 'BASE', ‘REG S' 
NL FORMAT 
OP CODE: D3 S FIELD T FIELD 
Pi fo Sol RES Ge, 7 
F Coe eS 0 
| OPERAND 
DASE ADDRESS 
F : 
DESCRIPTION 


The value found at the address formed by 
adding the 'BASE ADDRESS' to the contents 
of 'REG S' is exclusive OR'ed with the 
value in 'REG T'. The results of that op- 
eration, in which a '1' occurs only when 
corresponding bits are not equal, are 
'ANDed' with the mask in 'REG T+1'. The 
condition code is set. 


((REG T) <XOR> (BASE + (REG S))) <AND> (REG T+1) 


SET CCR 
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52-054614 


COMPARE ADDRESS 


CMPA 


MODES: R, I, D, DX 


CONDITION CODE: The condition code is set based 
upon the results of the unsigned 
comparison of two 16-bit operands. 
This instruction provides for 
comparison of address values 
which range from 0 to 65,535/49)- 


(REG T) > X |Unsigned Quantities|, Condition Code is 0001 
(REG T) = X [Unsigned Quantities|, Condition Code is 0010 
(REG T) < X |Unsigned Quantities|, Condition Code is 0100 


COMPARE ADDRESS 


MODE. DESIGNATOR 
ASSEMBLER FORMAT 


RR_ FORMAT 


DESCRIPTION 


R 


CMPA R, 'REG T', 'REG S' 


OP CODE: BO S FIELD T FIELD 


The unsigned contents of 'REG T’ are compared 
to the unsigned contents of 'REG S' and the 
condition code is set. Neither ‘REG S' nor 


'REG T' are modified. 


(REG T) VS (REG S) |Unsigned Quantities | 
SET CCR 


ci ak eu ia ls iii inlet - z 
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52-054614 
COMPARE ADDRESS 
MODE DESIGNATOR =I 
“ASSEMBLER FORMAT  CMPA I, ‘REG T', ‘DATA' 
NL_ FORMAT 
OP CODE: Bl S FIELD T FIELD 
Os, 1k Cece 0 0 On NR 9 BGs 
F ay a 3 0 
OPERAND 
F 0 
DESCRIPTION 


The value entered as 'DATA' is compared 
with the contents of 'REG T', and the 
condition code is set. ‘REG T' contents 
and 'DATA' are not modified. 'S' field 
is not used. 


(REG T) VS 'DATA' |Unsigned Quantities | 
SET CCR 


6-53 


52-054614 


COMPARE ADDRESS 


MODE DESIGNATOR D 


ASSEMBLER FORMAT CMPA D, 'REG T', 'ADR' 


NL_ FORMAT 
OP CODE: B2 S FIELD T FIELD 
et ke 8S OE OO 8 UU OL RE... GST 
ae 3 
OPERAND 
| ADDRESS | 
F 0 


ui SCRIPTION 


The value found at 'ADDRESS' is compared 
with the contents of 'REG T' and the con- 
dition code is set. The 'S' field is not 
used. No values are modified. 


(REG T) VS (ADDRESS) |Unsigned Quantities | 
SET CCR 
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52-054614 
COMPARE ADDRESS 
MODE DESIGNATOR DX 
ASSEMBLER FORMAT CMPA DX, 'REG T', 'BASE', 'REG S' 
NL FORMAT 
OP CODE: B3 S FIELD T FIELD 
pr eee meet 
F 8 7 4 3 
OPERAND 
| BASE ADDRESS | 
F 0 
DESCRIPTION 


The ‘BASE ADDRESS' and the contents of 
‘REG S' are added to form an address; 

the contents of that address are compared 
with the contents of 'REGT'. The condi - 
tion code is set; no values are modi fied. 


(REG T) VS (BASE+(REG S)) |Unsigned Quantities | 
SET CCR 


ae 
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52-054614 


{ 
| 


COMPARE LOGICAL 


MODES: R, I 


CONDITION CODE: The ‘COMPARE LOGICAL" instructions 
check an operand for logical equal- 
ity with a mask value. 


EQUAL 
CCR Set 0010 All bits set to 'one' in the 
mask are also ‘one' in the 
operand. 
NOT EQUAL 


CCR Set 0100 (NEG) Mask sign bit is '1' and 
operand sign bit is '0' 

CCR Set 0001 (POS) Mask sign bit is '0', or 
mask sign bit is '1' and 
operand sign bit is '1' 


EXAMPLE OF LOGICAL EQUALITY 
MASK qmeyacor asco! TP RAC OMG! 


OPERAND tte ke a Ae tA 
CCR RESULT 001 0 


EXAMPLE OF LOGICAL INEQUALITY 
MASK imo 6.1 F100 Ou 


OPERAND TORO XS ASO TET 
CCR RESULT 0001 


(NOTE: X can be either '1' or oat 


6-57 


52-954614 


COMPARE LOGICAL 


MODE DESIGNATOR R 
ASSEMBLER FORMAT CMPL R, ‘REG T', ‘REG S' 


RR_FORMAT 


OP CODE: 9D S FIELD DiFreeD 
Cee i ahi le AL RA) OR Ro Gr See ieee As Oo 
F 8 7 4 3 0 


DESCRIPTION 


This instruction tests if all bits set to 
‘one' in the 'REGS' mask are set to '‘one' 
in the 'REGT' operand as follows: 


The mask in 'REG S' is 'ANDed' with the 
one's complement of the operand in 

'REG T'. If the result is zero, the 
masked fields are equal. The condition 
code is set, and no values are modified. 


(REG S) <AND> (REG T) 
Set CCR 


gai coiuisiaeubdetatiota vidal at naa ree 


52-054614 
COMPARE LOGICAL 
MODE DESIGNATOR =I 
ASSEMBLER FORMAT  CMPL I, ‘REG T', ‘MASK’ 
NL_FORMAT 
OP CODE: 9E S FIELD T FIELD 
Se tie ae ives] 0, Oe BO 
F 8 7 3 
OPERAND 
MASK 
F 0 
DESCRIPTION 


This instruction tests if all bits set to 
‘one' in the immediate mask value are set 
to 'one' in the 'REG T' operand as follows: 


The mask is 'ANDed' with the one's comple- 
ment of the 'REGT' value. If tne result 
is zero, the masked fields are equal. The 
condition code is set, no values are mod- 
ified, and the 'S' field is not used. 


'MASK' <AND> (REG T) 
Set CCR 
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52-054614 


COMPARE SIGNED 


MODES: R, I, D, DX, IS 


CONDITION CODE: The condition code for the compare 
instructions is based on the re- 
sults of the comparison. If Sy 
is compared with 'REGT', then 
the condition code is as follows: 


(REG T) > X, Condition Code js. 0001 or 1100* 
(REG T) = X, Condition Code is 0010 
(REG T) < X, Condition Code is 0100 or 1001* 


*Note: The result of the COMPARE SIGNED operation 
may set the overflow bit. In this case, 
the overflow indicator does not imply an 
error condition. 


CMPS 


| ) 

| 52-054614 5 | 
COMPARE SIGNED | 

| MODE DESIGNATOR | 

| ASSEMBLER FORMAT  CMPS R, 'REG T', 'REG S' | 

| RR_FORMAT 3 | 
| OP CODE: F4 S FIELD T FIELD | 

| | SS ee en en ee ORE Gono E+ Ge St RanE+ -G--F | | 
| F oo 7 4 32 0 | 

| 

| DESCRIPTION | 
The contents of 'REG T' are compared to 5 
the contents of 'REG S' and the condition 

code is set. Neither 'REG S' nor 'REGT' | 

| 

| are modified. 
| (REG T) VS (REG S) | 

| SET CCR i 

| | 
6-62 | 


52-054614 


COMPARE SIGNED 


MODE DESIGNATOR I 


ASSEMBLER FORMAT CMPS I, 'REG T', ‘DATA’ 


NL_FORMAT 


OP CODE: F5 S FIELD TePTELD 
70, Ol eal 


OPERAND 


DESCRIPTION 


The value entered as 'DATA' is compared 
with the contents of 'REGT', and the 
condition code is set. ‘REG T' contents 
and 'DATA' are not modified. 'S' field 
is not used. 


(REG T) VS ‘DATA’ 
SET CCR 


| 52-054614 
COMPARE SIGNED 
MODE DESIGNATOR D 
ASSEMBLER FORMAT CMPS D, 'REG T', '‘ADR' 
NL FORMAT 
OP CODE: F6 S FIELD T FIELD 
1 1 1 0 1 1 0/0 0 0 0 R € G T 
F 7 3 
| OPERAND 
ADDRESS 
| DESCRIPTION 
The value found at 'ADDRESS' is compared 
with the contents of 'REG T', and the 
| condition code is set. The 'S' field is 
not used. No values are modified. 


(REG T) VS (ADDRESS) 
SET CCR 
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52-054614 
COMPARE SIGNED 
MODE DESIGNATOR DX 
ASSEMBLER FORMAT | CMPS DX, ‘REG T', ‘BASE’, ‘REG S' 
NL_ FORMAT 
OP CODE: F7 S FIELD T FIELD 
F S.% aoe 0 
OPERAND 
BASE ADDRESS 

F 0 

DESCRIPTION 


The 'BASE ADDRESS' and the contents of 
'REG S' are added to form an address; the 
contents of that address are compared with 
the contents of 'REGT'. The condi tion 
code is set; no values are modi fied. 


(REG T) VS (BASE+(REG S)) 
SET CCR 


6-65 


52-054614 
COMPARE SIGNED 


MODE DESIGNATOR i$ 
ASSEMBLER FORMAT CMs 15, REG 1? °° Lit 


IS FORMAT 


OP CODE: 2 OPERAND T FIELD 


F ae: 4 


DESCRIPTION 


The signed value entered as literal data 
(RANGE -128 to +127) is right justified 
and sign extended to form a 16-bit value, 
and then compared with the contents of 
'REG T'. The condition code is set, and 
no values are modified. 


(REG T) VS 'LITERAL' 
SET CCR 
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52-054614 
CLEAR MEMORY SEMAPHORE 
MODES: D, DX 
CONDITION CODE: The condition code is not 
changed by the clear memory 
semaphore instruction. CMS 


€-67 


i cali eiat 


iba ici i iti 
i 


52-054614 


CLEAR MEMORY SEMAPHORE DIRECT 


MODE DESIGNATOR D 


ASSEMBLER FORMAT CMS D, 'REG T', ‘ADR! 


NL FORMAT 
OP CODE: BA S PIELG T FIELD 
OO FE GF 
F oT 4 3 0 
OPERAND 


Je 2 ee ee a oe 
F 


DESCRIPTION 


The CMS instruction provides a mechanism for re- 
leasing captured computer resources in mul tipro- 
cessor configurations. Conversely, the SMS in- 
struction is used to capture the resource for 
use by a processor. 


The CMS locks out all other processor and 1/0 
memory accesses for three microcycles (two con- 
taining memory references) while the mul tipro- 
cessor flag bits (indicated by '1' in the cor- 
responding bit position within REGT) of the 
selected semaphore word (ADR) are set to 0. 


0 


IMPLEMENTATION FLOW 


Step 
] 


Operation 
ADR » memory address register, 


read next instruction. 

Read semaphore word from memory. 
Semaphore word ANDed with REGT; 
result is moved to memory output 


register. 


Write resulting semaphore word to 


memory, increment program counter. 


Fetch next instruction for execu- 
tion. 


6-69 


Memory 
_Lock 


no 


yes 


yes 


yes 


no 


52-054614 


52-054614 


CLEAR MEMORY SEMAPHORE DIRECT INDEXED 


MODE DESIGNATOR DX 


ASSEMBLER FORMAT CMS -Dhe REG, I, "BASE, "REGS: 


NL_ FORMAT 
OP CODE: DA S=PTEED (ie RTEED 
] ] PO a ibenatthe st SLO RR) IBS = Gs Dy senliknen = Beamon 
F 8 a 3 
OR eS eee ia, Re: as UM | <a Se SESS 
F 
DESCRIPTION 


The CMS instruction provides a mechanism for re- 
leasing captured computer resources in multipro- 
cessor configurations. Conversely, the SMS in- 
struction is used to capture the resource for use 


by a processor. 


The CMS locks out all other processor and I/0 
memory accesses for three microcycles (two con- 
taining memory references) while the multiproces- 
sor flag bits (indicated by '1l' in the correspond- 
ing bit position within REGT) of the selected 
semaphore word (ADR) are set to 0. 
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IMPLEMENTATION FLOW 


Step Operation 
] BASE + (REG S) + memory address 


register, read next instruction. 


2 Read semaphore word from memory. 

3 Semaphore word ANDed with REGT; 
result is moved to memory output 
register. 

4 Write resulting semaphore word to 


memory, increment program counter. 


5 Fetch next instruction for execu- 
tion. 
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Memory 


no 


yes 


yes 


yes 


no 
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52-054614 


DOUBLE PRECISION ADDITION 


MODES: R, D 


CONDITION CODE: The condition code for 'DOUBLE 
PRECISION ADDITION’ is set by the 
32 bit sum appearing in 'REG T' + 1, 
'REG T' as follows: 


POS ZERO NEG 


No Overflow 
Overflow 


*This case occurs only when the addition is 
80000000 + 80000000. 


52-054614 
DOUBLE PRECISION ADDITION REGISTER 


MODE DESIGNATOR R 


ASSEMBLER FORMAT DADO ReGoks. REGS! 


RR_ FORMAT 


OP CODE: AB 


De tO eA dh ie Pla cb ae Sateen roe Ame 
7 HS aati ) 


F 8 


DESCRIPTION 


The contents of 'REG 


S FIELD T FIELD 


S+1' and 'REG S' are 


treated as 32 bits and added to 'REG T+1' 
and 'REG T'. The sum appears in 'REG T+1' 
and 'REG T', and the condition code is 


set. 
(REG T+1)| | (REG T) <« 


Set CCR 


(REG T+1)! | (REG T) + 
(REG S+1)||(REG S) 


Note: T=S or T=S-1 will produce valid 
results; T=S+1 will not. 


6-74 


sti adi 


52-054614 
DOUBLE PRECISION ADDITION DIRECT 
MODE DESIGNATOR D 
ASSEMBLER FORMAT -DADD D, ‘REG T', ‘ADR’ 
NL FORMAT 
OP CODE: A9 S FIELD TeEteen 
Or fr toe Or fee eRe be Goel 
F 7 i638 
“ OPERAND 
| Beucp Rees: 5 | 
-F 0 
DESCRIPTION 


The value at 'ADDRESS+1' and 'ADDRESS' is 
treated as 32 bits and added to the 32 
bits of 'REG T+1' and 'REGT'. The sum 
appears in 'REG T+1' and 'REG T', and the 
condition code is set. The 'S' field is 


not used. 


(REG T+1)||(REG T) + (REG T+1)||(REG T) + 
(ADDRESS+1) | | (ADDRESS ) 


Set CCR 
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52-054614 
DIVISION 
MODES: R 
CONDITION CODE: The condition code for division 
depends on the quotient appearing 
in 'REG T+l1'. 


(REG T+1) > 0, Condition Code is 0001 


(REG T+1) = 0, Condition Code is 0010 
(REG T+1) < 0, Condition Code is 0109 


(Overflow is set if the operands result in a divide error) 
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DIV 
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DIVISION REGISTER 


MODE DESIGNATOR R 


ASSEMBLER FORMAT DEV R,. REG Ts “REG S* 


RR_FORMAT 
OP CODE: FC S FIELD T FIELD 
Pe ace als ath.205l, Be ee ae ei eee 
F 
DESCRIPTION 


The contents of 'REG T+1' (most signifi- 
cant) and 'REG T' (least significant) 

make up the dividend and are divided by 
the contents of 'REG S' (divisor). The 
quotient appears in 'REG T+1' and the re- 
mainder goes to 'REG T', as a positive in- 
teger. The quotient appearing in 'REG T+! 
sets the condition code. 


Note: S=T may produce a valid division; 
S=T+1 will always cause overflow. 


OVERFLOW: 

Overflow is a condition produced when the 
dividend and divisor would yield a quo- 
tient that exceeds the magnitude allowed 
for a single precision quotient (i.e., 
-32,768 > value > +32,767). 


If overflow occurs the results in regis- 
ter T, T+] are not significant. 
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DISABLE INTERRUPT NETWORK 


MODES: None 
CONDITION CODE: The condition code is not 


changed by the DSI instruc- 
tion. 
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DISABLE INTERRUPT NETWORK 


MODE DESIGNATOR None 


ASSEMBLER FORMAT DSI 


FORMAT 


OP CODE: AF S FIELD T FIELD 
ER RAD ce, ak Ee) Ses Sms a a ee Nave Fee | ee are are 


DESCRIPTION 


The interrupt network is disabled and no 
interrupts are processed until the network 
is re-enabled by an ENI instruction. The 
interrupt mask and level are not altered. 
If an interrupt occurs while the network 
is disabled it will be captured and "re- 
membered". This instruction does not 
disable the TRAP pseudo-interrupt. The 
contents of the T field are ‘don't care’. 


The contents of the S-field are an extension 
of the Op Code and must = 'F'. This is done 
automatically by the assembler. The T-field 
contents are "don't care" and set to 0 by 
the assembler. 


Refer to Interrupt Processing, section 3.2. 
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52-054614 


DOUBLE PRECISION SUBTRACTION 


MODES: R, D 


CONDITION CODE: The condition code for ‘DOUBLE 
PRECISION SUBTRACTION' is set by 
the 32 bit difference as 
follows: 


POS ZERO NEG 


No Overflow 0001 0010 0100 
Overflow i = 
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52-054614 


DOUBLE PRECISION SUBTRACTION, REGISTER 


MODE DESIGNATOR R 


ASSEMBLER FORMAT DSUS R, “REG T° ,. "REG S’ 


RR_ FORMAT 


\ OP CODE: AA ‘SS FIELD .UPLEED 
Es ay Se 2 aa Wa © a Rm Ss, as a a aes 
F 
DESCRIPTION 


The (subtrahend) in 'REG S+1' and 'REG S' 
(32 bits) is subtracted from the (minuend) 
in 'REG T+1' and 'REG T' (32 bits). The 
difference appears in 'REG T+1' and 

'REG T' (32 bits) and the condition code 


is set. 


(REG T+1)||(REG T) « (REG T+1)||(REG T) - (REG S+1)||(REG S) 
Set CCR 


Note: T=S or T=S-1 will produce valid 
results; T=S+1 will not. 
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52-054614 


DOUBLE PRECISION SUBTRACTION, DIRECT 


MODE DESIGNATOR D 


_ ASSEMBLER FORMAT DSUB D, 'REG T', 'ADR' 


NL_ FORMAT 


OP CODE: A8 S: FIELD T RIELO 
1300s 1 Se ee 0) Os, Os OO eR ES Grol 
F a) 4 0 

OPERAND 


ADDRESS 
F 0 


DESCRIPTION 


The value at 'ADDRESS+1' and 'ADDRESS' 
(subtrahend, 32 bits) is subtracted from 
the 32 bits of 'REG T+1' and 'REG T' 
(minuend). The difference appears in 
'REG T+1' and 'REG T'; the condition code 
is set. The 'S' field is not used. 


(REG T+1)||(REG T) « (REG T+1) | | (REG T) - (ADDRESS+1) | | (ADDRESS) 
Set CCR 
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52-054614 


ENABLE INTERRUPT NETWORK 


MODES: None 


CONDITION CODE: The condition code is not 
changed by the ENI instruc- 
tion. 


ENI 
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52-054614 


ENABLE INTERRUPT NETWORK 


MODE DESIGNATOR 


ASSEMBLER FORMAT 


FORMAT 


DESCRIPTION 


None 


ENI 


OP CODE: AF S FIELD TABLED 


The interrupt network is enabled. Any 
interrupt that occurs (or has occurred ) 
is not masked and higher priority than 
the current level will be processed. 

The interrupt mask and level are not al- 
tered. The ENI instruction is not inter- 
ruptable (i.e., execution of the next 
instruction following the ENI is assured 
even if an interrupt is pending). 


The contents of the S-field are an extension 
of the Op Code and must = 0. This is done 
automatically by the assembler. The T- 
field contents are "don't care" and set 

to 0 by the assembler. 


Refer to Interrupt Processing, Section 
ores 
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52-954614 


FLOATING POINT ADD 


MODES: R 


CONDITION CODE: The condition code is set by 
the contents of the 24 bit 
mantissa result appearing in 
'REG T+1', and the most sig- 
nificant eight bits of 'REG T' 
as follows: 


(REG T+1, T(15-8)) > 0, Condition Code is 0001 
(REG T+1, T(15-8)) = 0, Condition Code is 0019 
(REG T+1, T(q5-8)) < 0, Condition Code is 9100 


Note: On Exponent Overflow, the Condition 
Code is set to 1XXX and the result 
is set to the artificial result 
FFFFFFFF. 


On Exponent Underflow, the Condition 
Code is set to 0010 and the result 
is set to 00000000. 
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52-054614 


FLOATING POINT ADD 
MODE DESIGNATOR R 


ASSEMBLER FORMAT FAOD R, "REG T", “REG S' 


RR_ FORMAT 
OP CODE: E4 S FIELD T FIELD 
] Ree eG ORR VES i Oe Bere ne oe 
E & 7 ee: 0 
DESCRIPTION 


The floating point value in 'REG T' and 
'REG T+1' is added to the floating value 
in 'REG S' and 'REG S+1'. The resulting 
floating point sum appears in 'REG T' 
and 'REG T+1'. The condition code re- 


gister is set. 
(REG T+1)||(REG T) «+ (REG T+1)||(REG T) + (REG S+1)|| (REG S) 
floating point format 


SET CCR 
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FLOATING POINT DIVIDE 


MODES: R 


CONDITION CODE: The condition code is set by 
the contents of the 24 bit 
mantissa result appearing in 
'REG T+1', and the most sig- 
nificant eight bits of ‘REG T' 
as follows: 


(REG T+1, T (15-8)? > 0, Condition Code is 9001 
(REG T+1, T(15-8)) = 0, Condition Code is 9010 
(REG T+1, T(15-8)) < 0, Condition Code is 0100 


Note: On Exponent Overflow, the Condition 
Code is set to 1XXX and the result 
is set to the artificial result 
FFFFFFFF. 


On Exponent Underflow, the Condition 
Code is set to 0010 and the result 
is set to 00000000. 
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FLOATING POINT DIVIDE 


MODE DESIGNATOR R 


ASSEMBLER FORMAT FDIY Ry. "REG T*, ‘REG S' 


RR_FORMAT 
OP CODES: FS / SALTED T FIELD 
i hig dW bod) eae Oe i Re OR ee Gaya eee 
F ae 6 4 3 
DESCRIPTION 


The floating point value in 'REG T+l' and 
"REG T' is divided by the floating point 
value in “REG S+1" and "REGS". The re= 
sulting quotient appears in 'REG T+1' and 
'REG T' in floating point format. The 


condition code is set. 


(REG T+1)||(REG T) « (REG T+1)||(REG T)/(REG S+1)||(REG S) 
floating point format 


ped CCR 
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li: 


scat 


eee ne ee 


diane asa clans 


MODES: 


CONDITION CODE: 


(REG T+1, REG T) > 0, Condition Code is 000] 
(REG T+1, REG T) = 0, Condition Code is 0010 
(REG T+1, REG T) < 0, Condition Code is 0190 


Overflow, 


52-054614 


FIX 


I 


The condition code is set by 
the resulting 32 bit fixed- 
point number appearing in 
‘REG oit |" cand: “REG: T= 


Condition Code is 1XXX 


FIX 
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FIX 


MODE DESIGNATOR I 


ASSEMBLER FORMAT FIX fd, “REG T° "SF", “REG S* 


FORMAT 
OP CODE: E7 S FIELD T FIELD 
Dee ee Pe ae ee Ee ee | 
F 8 7 3 0 
OPERAND 
|, _, NOT _useo SCALE FACTOR 
ay 
BESCRIPTION 


Convert the normalized floating point number 
in 'REG S+1' and 'REG S' into a fixed point 

number in 'REG T+1' and 'REG T'. ‘REG S+1' 

and 'REG S' are unchanged. 


The scale factor is compared with the float- 
ing operand exponent to determine the number 
of shifts required to scale. If the exponent 
of the floating point operand is larger than 
the scale factor indicating a left shift, the 
overflow indicator is set. 


Note: S=T may produce a valid conversion; 
S=T+1 or S=T-1 will not. 


(REG T+1)]|(REG T) « (REG S+1)||(REG S) Shifted right 


Set CCR 
6-97 
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FLOAT 


8 RT ET SHI I 


-MODES: I 


CONDITION CODE: The condition code is set by 
the resulting 24 bit mantissa 
appearing in 'REG T+1' and 
the most significant half of 
“REG: li. 


0, Condition Code is 9001 


Vv 


(REG TH], REG T’45_9)) 
(REG T+1, REG T (75-8) ) = 0, Condition Code is 0010 
(REG T+1, REG T(15-8)) < 0, Condition Code is 9100 


Float may result in Exponent Underflow, in which 
case the Condition Code = 0010 and the result 
= 00000090. Exponent Overflow is not possible. 


FLT 
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Sa i gmat 


FLOAT 


MODE DESIGNATOR I 


ASSEMBLER FORMAT PiCy iis: See es Cor Eo So 


FORMAT 
| OP CODE: £6 S FIELD T FIELD 
i; F G7 ee 
| OPERAND 
| oF gas Be : 0 
| DESCRIPTION 


Convert the 32 bit fixed-point number in 
'REG S+1' and 'REG S' into a floating point 
number in 'REG T+1' and 'REG T'. 'REG S+1' 


and 'REG S' are unchanged. 


| The scale factor forms the base exponent 
before any normalization. Normalization 
will be performed by this instruction. To 
convert a fixed point 32 bit integer to a 
floating point number, the SF = N09F 16 : 


Note: S=T, Ttl or T-1 may all produce 


valid conversions. 


(REG T+1) | | (REG T (15-8)? « (REG S+1) || (REG S) normalized 
(REG T(7-0)) « SF - # normalization steps 


Set CCR 
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FLOATING POINT MULTIPLY 


MODES: R 


CONDITION CODE: The condition code is set by 
the contents of the 24 bit 
mantissa result appearing in 
"REG T+1', and the most sig- 
nificant eight bits of ‘REG T' 
as follows: 


(REG TH, > 0, Condition Code is 0001 


15-8)) 


(REG T+1, T (15-8)? 0, Condition Code is 0010 


(REG T+1, T < 0, Condition Code is 0100 


15-8)) 


Note: On Exponent Overflow, the Condition 
Code is set to IXXX and the result 
is set to the artificial result 
FREFFFER. 


On Exponent Underflow, the Condition 
Code is set to 0010 and the result 
is set to 00000000. 
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FLOATING POINT MULTIPLY 


ASSEMBLER FORMAT FMUL R, 'REG T', ‘REG S' 


RR_FORMAT 
OP CODE: F2 S FIELD T FIELD 
Tee LAL 

F 0g ae: 


DESCRIPTION 


The floating point value in 'REG T+1' and 
"REG T' is multiplied by the floating 
point value in 'REG St+1' and 'REG S'. The 
resulting product appears in 'REG T+1' and 
'REG T'. The condition code is set. 


(REG T+1)||(REG T) « (REG T+1)||(REG T)*(REG S+1)||(REG S) 
floating point format 


Set CCR 
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FLOATING POINT SUBTRACT 


MODES: R 


CONDITION CODE: The condition code is set by 
the contents of the 24 bit 
mantissa result appearing in 
'REG T+1', and the most sig- 
nificant eight bits of 'REG T' 
as follows: 


Vv 


(REG T+1, T(15-8)) 0, Condition Code is 0001 


(REG T+1, T(15-8)) = 0, Condition Code is 0010 


(REG T+1, T (15-8)? < 0, Condition Code is 0100 


Note: On Exponent Overflow, the Condition 
Code is set to 1XXX and the result 
is set to the artificial result 
FFRRCPER. 


On Exponent Underflow, the Condition 


Code is set to 0010 and the result 
is set to 00000000. 
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FLOATING POINT SUBTRACT 
MODE DESIGNATOR R 


ASSEMBLER FORMAT FSUB RK. "REG T", “REG S' 


RR FORMAT” 
OP CODE: E5 S FIELD T FIELD 
Piece oO oe PER EB we eR eS ee 
F 8 7 y ie 0 
DESCRIPTION 


The floating point value in 'REG S' and 
"REG St+1' is subtracted from the floating. 
point value in 'REG T' and 'REG T+l'. 

The floating point result appears in 'REG 
T' and 'REG T+1'. The condition code re- 


gister is set. 


(REG T+1)||(REG T) <« (REG T+1)||(REG T) - (REG S+1)||(REG S) 
floating point formai 


Set CCR 


Hn 
i) 
e) 


HALT 


MODES: NO MODES 


CONDITION CODE: 


Note: 


Execution of the 'HALT' instruction 
does not change the condition code. 


Halts when minipanel is attached. 


Acts as a NOP when mininanel is 
not attached. 
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HALT 


MODE DESIGNATOR NO MODES 


ASSEMBLER FORMAT HALT 


RR_FORMAT 
OP CODE: FO S Flere PoE LEee 
| me SAR) A AS | AR 8 BEL) 90] MEL SA” el ke) NM 
F = ames 4 3 
DESCRIPTION 


With the control panel connected, the ‘HALT’ 
instruction causes the computer to be stopped. 


Control functions may then be executed from 


the control panel. 


With the control panel disconnected, the 
'HALT' instruction is treated as a 'NOP'. 


Note: The.S and T-field values as shown are 


required and are provided automatically 


by the assembler. 
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INCREMENT AND BRANCH NEGATIVE 


MODES: R, I, D, DX 


CONDITION CODE: The condition code is set to show 
the status of the register which 
is incremented, as follows: 


POS ZERO NEG 


No Overflow 0010 0100 
Overflow 


*This condition occurs when 7FFF is incremented to 


8000. This will not cause a branch. 
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INCREMENT AND BRANCH NEGATIVE REGISTER 


MODE DESIGNATOR R 
ASSEMBLER FORMAT IBN R, "REG T', ‘REG S' 


RR_FORMAT 


OP CODE: C8 S FIELD T FIELD 
yb 6. &. T 6.8 OF ® Ee SPR. et 


DESCRIPTION 


The contents of 'REG T' are incremented 
and stored back in 'REGT', and then 
tested. If the contents of 'REGT' are 
greater than or equal to zero, the next 
instruction is executed. If the contents 
of 'REGT' are less than zero, the pro- 
gram counter is set to the contents of 
"REG S' causing a branch to that location. 


(REG T) « (REG T) + 1; Set CCR; 

TEST: (REG T) < 0? 
NO, EXECUTE NEXT SEQUENTIAL INSTRUCTION 
YES, (PCR) « (REG S) 
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| . 52-054614 
| | 
| i INCREMENT AND BRANCH NEGATIVE, IMMEDIATE 
F MODE DESIGNATOR =I 
A ASSEMBLER FORMAT IBN I, 'REG T', ‘ADR’ 
| NL_ FORMAT | 
a OP CODE: C9 S FIELD T FIELD 
A F ay, 43 0 : 
: 
OPERAND 
| | 
fl F 0 
. | 
| DESCRIPTION 
A | 
The contents of 'REG T' are incremented | 
| and stored back into 'REG T', and then 
ia tested. If the contents of ‘REG T’ are 
| greater than or equal to zero, the next | 
A instruction is executed. If the contents : 
of 'REG T' are less than zero, the pro- | 
A gram counter is set to the value ‘ADDRESS’ 
| causing a branch to that location. : 
| 
A (REG T) « (REGT) + 1 3 Set CCR; 
TEST: (REGT) < 0? 
A NO, EXECUTE NEXT SEQUENTIAL INSTRUCTION 
YES, (PCR) + ‘ADDRESS' 
| 
f 6-103 
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52-054614 
INCREMENT AND BRANCH NEGATIVE DIRECT 


MODE DESIGNATOR D 


ASSEMBLER FORMAT IBN D, 'REG T', ‘ADR’ 


NL FORMAT 
OP CODE: CA S FIELD T FIELD 
eg Ae he SY Oh Rc CON eee Be UL 
F 7 3 
OPERAND 
TNDIRECT BRANCH ADDRESS at 
F 0 
DESCRIPTION 


The contents of 'REGT' are incremented 
and stored back in 'REGT', and then 
tested. If the contents of 'REGT' are 
greater than or equal to zero, the next 
instruction is executed. If the contents 
of 'REG T' are less than zero, the value 
found at the address entered as ‘ADR’ is 
loaded into the program counter causing a 


branch. 


(REGT) « (REGT) + 1 3 Set CCR; 

TEST: (REGT) < 0? 
NO, EXECUTE NEXT SEQUENTIAL INSTRUCT ION 
YES, (PCR) < (ADDRESS) 


a ae 


INCREMENT AND BRANCH NEGATIVE DIRECT-INDEXED 


MODE DESIGNATOR DX 


ASSEMBLER FORMAT IBN DX, 'REG T', 'BASE', ‘REG S' 


NL_ FORMAT 
OP CODE: CB S FIELD T FIELD 
Ra eee coke NG 
F ee 4 3 0 
OPERAND 
PAE NPD RE CT cA D DERSESS)S 
L 0 
DESCRIPTION 


The contents of 'REGT' are incremented 
and stored back in 'REG T', and then 
tested. If the contents of 'REGT' are 
greater than or equal to zero, the next 
instruction is executed. If the value 

in 'REG T' is less than zero, the content 
of the address formed by adding 'BASE' 

and 'REG S' is put into the program 
counter causing a branch to that Jocation. 


(REG T) « (REGT) + 1 3 Set GER: 

TEST: Chega) <0? 
NO, EXECUTE NEXT SEQUENTIAL INSTRUCT ION 
YES, PCR <« (BASE+(REG S)) 
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INCLUSIVE OR 
MODES: R, I, D, DX 


INCLUSIVE-OR TRUTH TABLE 


RESULT 


CONDITION CODE: The condition code for inclusive- 
or instructions is based on the 
final results appearing in ‘REG T° 


as follows. Overflow is always zero. 


(REGT) > O, Condition Code is 0001 
(REG T) 0, Condition Code is 0010 
(REG T) < 0, Condition Code is 0100 
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INCLUSIVE OR REGISTER 


MODE DESIGNATOR R 


ASSEMBLER FORMAT TOR R, 'REG T’, ‘REG S' 


RR_FORMAT 
OP CODE: Ad S FIELD T FIELD 
one SE TR A cl ees 
F 7 3 
DESCRIPTION 


The contents of 'REG S' are inclusive 
OR'ed with the contents of 'REGT'. The 
results appear in 'REG T' and the condi- 


tion code is set. 


(REG T) « (REG T) <OR> (REG S) 
Set CCR 
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INCLUSIVE OR IMMEDIATE 


MODE DESIGNATOR 


ASSEMBLER FORMAT 


NL_FORMAT 


1 


OP CODE: A5 S FIELD 
a 
8 7 13 
OPERAND 


IOR I, 'REG T', ‘DATA’ 


T FIELD 


52-054614 


F 


DESCRIPTION 


The value entered as 'DATA' is inclusive 
OR'ed with the content of 'REGT'. The 
results appear in 'REGT' and the condi - 
tion code is set. The 'S' field is not 


used. 


(REG T) + (REG T) <OR> 'DATA' 
Set CCR 
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INCLUSIVE OR DIRECT 


MODE DESIGNATOR D 


ASSEMBLER FORMAT IOR D, ‘REG T', ‘ADR’ 


NL_ FORMAT 
OP CODE: A6 S FIELD T FIELD 
| Voy 20 at 00 
| F 8 7 4 
| OPERAND 
| ADDRESS 
F 0 
DESCRIPTION 


The contents of ‘'ADDRESS' are inclusive 
OR'ed with the contents of 'REGT'. The 
results appear in 'REG T' and the condi- 
tion code is set. The 'S' field is not 


used. 


(REG T) <« (REG T) <OR> (ADDRESS) 
Set CCR 
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52-054614 
INCLUSIVE-OR DIRECT-INDEXcD 
MODE DESIGNATOR DX 
ASSEMBLER FORMAT OR DX, ‘REG T', ‘BASE’, 'REG S' 
NL_ FORMAT 
OP CODE: AZ S FIELD T FIELD 
i 0 lee 0 ee eR Ee Gece |ins chee. OT 
F SF 4 
OPERAND 
BASE ADDRESS | 

F 0 

DESCRIPTION 


The content of the address formed by 
adding the value in 'BASE' to the contents 
of 'REG S' are inclusive OR‘'ed with tne 
contents of 'REGT'. The results appear 
in 'REG T', and the condition code is 


set. 


(REG T) «+ (REG T) <OR> (BASE+(REG S)) 
SET CCR 
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LOAD ARITHMETIC (TWO'S) COMPLEMENT 


MODES: R, 


CONDITION CODE: 


£005 DX 


The condition code for 'LOAD 
ARITHMETIC COMPLEMENT’ instructions 
is based on the final contents of 
'REG T' as follows: 


(REG T) > 0, Condition Code is 0001 


(REG T) 


0, Condition Code is 0010 


(REG T) < 0, Condition Code is 0100 


OVF is set if the maximum negative 2's 
complement number is loaded. 
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LOAD ARITHMETIC (TWO'S) COMPLEMENT REGISTER 


MODE DESIGNATOR R 


ASSEMBLER FORMAT ACR, "REG 1": “REGS” 


RR FORMAT 
OP CODE: 90 S FIELD T FIELD 
: ©. 2 1 oe oO. Of RE <6 Seep kk 76 a 
F e 7 a 3 


DESCRIPTION 


The two's complement of the value in 
'REG S' is loaded into 'REG T', and the 
condition code is set. 


(REG T) < TWO'S COMP OF (REG S) 
SET CCR 
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LOAD ARITHMETIC (TWO'S) COMPLEMENT IMMEDIATE 


MODE DESIGNATOR I 


ASSEMBLER FORMAT LAG Ty REG OTA DATA® 


NL FORMAT 
OP CODE: 91 S FIELD T FIELD 
1 ot 6. tO ee nO 8 0 One tO REG. AF 
F at, 4 3 0 
OPERAND 
DATA ane ee ate 
F 0 
DESCRIPTION 


The two's complement of the value entered 
as 'DATA' is loaded into 'REG T', and the 
condition code is set. The 'S' field is 
not used. 


(REG T) «+ TWO'S COMP OF ‘DATA’ 
SET CCR 
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LOAD ARITHMETIC (TWO'S) COMPLEMENT DIRECT 


MODE DESIGNATOR D 


ASSEMBLER FORMAT LAG D. “REG T", ‘ADR’ 


NL FORMAT 
OP CODE: 92 S FIELD T FIELD 
] ao oO 1 0.62(—OO ] OT Oo OF °0, <0 R CE G T 
F 4 A 
OPE RAND 


ere oe ee en eee A ee 
| 


[ ADDRESS 
tt et 
i: 0 


DESCRIPTION 


The two's complement of the contents of 
'‘ADDRESS' is loaded into 'REG T' and the 
condition code is set. The 'S' field is 


not used. 


(REG T) ~« TWO'S COMP OF (ADDRESS ) 
SET CCR 
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52-054614 
LOAD ARITHMETIC (TWO'S) CUMPLEMENT DIRECT INDEXED 
MODE DESIGNATOR DX 
ASSEMBLER FORMAT LAC DX, 'REG T', ‘BASE', ‘REG S' 
NL FORMAT 
OP CODE: 93: S FIELD T FIELD 
A es es eo ot Se ec 
F 7 Wes 0 
OPERAND 


BASE ADDRESS 
F 0 


DESCRIPTION 


The two's complement of the content of 
the address formed by adding 'BASE' to 
the contents of 'REG S' is loaded into 
'REG T'. The condition code is set. 


(REG T) <« TWO'S COMP OF (BASE+(REG S)) 
SET CCR 


6-117(6-118 blank) 


| 
semen 
_soecapere green rere memes Toei 
SRST EMNSITEIE — “I RR RE SS NTS RAE —EE——— — SS 
cenmenee = an = ame a 7 : F 
eeeeEeEeEeEyEyEyEyEyEyEyEyE———————E —e = ncaa F 


ata ics: 


iin. 


alii cuca 


52-054614 


LOAD LOWER BYTE 


MODES: R, I, D, DX 


CONDITION CODE: The condition code for "LOAD LOWER 
BYTE' is always set by the final 
contents of 'REG T' as follows: 


(REG T) > 0, Condition Code is 0001 


(REG T) = 0, Condition Code is 0010 
Condition Code 0100 is not used 
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LOAD LOWER BYTE, REGISTER 


MODE DESIGNATOR 


ASSEMBLER FORMAT 


RR_ FORMAT 


DESCRIPTION 


R 


LOLB R, 'REG-T', "REG S’ 


OP CODE: C4 S FIELD T FIELD 


The low order byte (BITS 7-0) of the 
contents of 'REG S' are loaded into the 
low order byte of 'REGT.' The condition 


code is set. 
(REG T, 7-0)... (REGS; 7-0) 


(REG T, F-8) + 0 
SET CCR 
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| 52-054614 
. LOAD LOWER BYTE, IMMEDIATE 
| 
MODE DESIGNATOR —I 
ASSEMBLER FORMAT | LDLB I, ‘REG T', ‘DATA' 
| 
| NL_ FORMAT 
| 
OP CODE: C5 S FIELD Teele ED 
‘a ee en ae ee ae ee 
| F gS 7 4 3 0 
: | 5 
| 

DESCRIPTION 


The lower byte (bits 7-0) of the value 
entered as 'DATA' is loaded into the low 
order byte of 'REGT'. The condition 
code is set, and the 'S' field is not 


used. 


(REG T, 7-0) ~« 'DATA', BITS 7-0 
(REG T, F-8) + 0 
SET CCR 
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LOAD LOWER BYTE DIRECT 


MODE DESIGNATOR 


ASSEMBLER FORMAT 


NL_ FORMAT 


ADDRESS . 


F 


DESCRIPTION 


D 


LDLB D, 'REG T', ‘ADR’ 


QP CODE: C6 S FIELD 

© ec Ot Yt. oOfe € G&G GER 
8 4 3 
OPERAND 


The low order byte of the contents of 
'ADDRESS' (bits 7-0) is loaded into the 
low order byte of 'REG T.' The condi- 
tion code is set. The 'S' field is not 


used. 


(REG T, 7-0) + (ADDRESS) BITS 7-0 
(REG T, F-8) + O 
SET CCR 
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T FIELD 
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52-054614 
LOAD LOWER BYTE DIRECT INDEXED | 
MODE DESIGNATOR DX 
I 
ASSEMBLER FORMAT  LDLB DX, 'REG T', 'BASE', 'REG S' f 
| NL FORMAT 
OP CODE: C7 S FIELD T FIELD 
Tio oe Pe ee he cl Ree Ge ASIN RS ME es IG) 8 7 
F 8 7 4 3 0 
OPERAND 
Rasae ADDRESS 


F 0 


DESCRIPTION 


} 

t 

: 

The value entered as 'BASE' is treated as 
a base address, and the contents of 'REG S' 

are taken as an index with respect to that | 

| 

| 

| 

| 

i 

i 

f 

| 

i 

E 

I 


base. The low order byte of the contents 

of the address formed by adding 'BASE' and 
‘REG S' is loaded into the low order byte 

of 'REG T.' The condition code is set. 


(REG T, 7-0) « (BASE+(REG S)) BITS 7-0 
(REG T, F-8) <« O 
SET CCR 
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LDR 


LOAD-REGISTER 


MODES: R, I, D, DX, IS, RX 


CONDITION CODE: The condition code is set by the 
value loaded into 'REG T' as 


follows: 

| (REG T) > 0, Condition Code is 0001 

| 

| (REG T) = 0, Condition Code is 0010 
(REG T) < 0, Condition Code is 0100 
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LOAD REGISTER, REGISTER 


MODE DESIGNATOR R 
ASSEMBLER FORMAT LDR R, ‘REG T', ‘REG S' 


RR_FORMAT 


OP CODE: £0 $ FIELD 


DESCRIPTION 


The contents of 'REG S' are loaded into 
'REG T'. The condition code is set. 


(REG T) « (REG S) 
SET CCR 
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T FIELD 


tia: 


LOAD REGISTER, IMMEDIATE 


MODE DESIGNATOR 
ASSEMBLER FORMAT 


NL FORMAT 


ae. 


| DATA | 
F 


DESCRIPTION 


I 


EDR Ij) “REG. To DATA 


OP CODE: €E1 S FIELD 
Ln Oe Oe i Oe OLAV o TER 
7 
OPERAND 


The value entered as 'DATA' is loaded 
into 'REG T'. The condition code is set. 
The 'S' field is not used. 


(REG T) «+ 'DATA' 
SET CCR 
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Te A Ee 


Eee 
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52-054614 
LOAD-REGISTER, DIRECT 


MODE DESIGNATOR D 


ASSEMBLER FORMAT LDR D, “REG T', 'ADR' 


NL FORMAT 
GRoCONE:. £2 SCOFIELD T, FELD 
ere oi me tl 4 he Osi Ge. 0, 1 En Bee. een 
F Be iy. ies 0 
OPERAND 
AOOCD ROE S25 
F 0 


DESCRIPTION - 


The contents of 'ADDRESS' are loaded into 
'REG T.' The condition code is set. The 
'S' field is not used. 


(REG T) « (ADDRESS) 
SET CCR 
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52-054614 
LOAD-REGISTER, DIRECT-INDEXED 
MODE DESIGNATOR DX 
ASSEMBLER FORMAT LDR DX. “REG T",. “BASE”, ‘REG S* 
NL FORMAT 
OP CODE: &3 S FIELD T FIELD 
ay comes aks riat 2) eee a” ae 
F 8 Ae eS 0 
OPERAND 
BASE ADDRES S 
F 0 
DESCRIPTION 


The contents of the address formed by 
adding 'BASE' and 'REG S' are loaded into 
'REG T'. The condition code is set. 


(REG T) « (BASE+(REG S)) 
SET CCR 
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52-054614 


LOAD-REGISTER, IMMEDIATE SHORT 


MODE DESIGNATOR IS 
ASSEMBLER FORMAT EGR 35. REG T*. “ETT’ 


IS FORMAT 


OP CODE: 4 OPERAND T FIELD 
a el es aa ees i Se 
0 


DESCRIPTION 


The literal signed, 8-bit value (in range 
+127 to -128) entered as 'LIT' is right 
justified, sign extended and Toaded into 
'REG T'. The condition code is set. 


(REG T) « ‘LITERAL’ 
SET CCR 
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52-054614 
LOAD-REGISTER, REGISTER-INJEXED 
MODE DESIGNATOR RX 
- ASSEMBLER FORMAT LDR RX, ‘REG T', ‘REG S', ‘REG X' 
RX FORMAT 
OP CODE: 5 X FIELD S FIELD T FIELD 
yk. Tel Rome Re eee sR EG aT 
F Cc B e 7 4 3 0 
DESCRIPTION 


The contents of 'REG X' are added to the 
contents of 'REG S' to form an address. 

The contents of that address are loaded 

into 'REG T', and the condition code is 

set. 


(REG T) + ((REG X)+(REG S)) 
SET CCR 


6-131(6-132 blank) 


icicle 


LOAD MULTIPLE 


MODES: D, DR 


CONDITION CODE: 


The condition code is not 
changed by execution of these 
instructions. 
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52-054614 


52-054614 


LOAD MULTIPLE DIRECT 


MODE DESIGNATOR D 


pair UR dg Pe ee 
pie aew tr matontnimnerthcniagte eit a i 


ASSEMBLER FORMAT LDRM D, 'REG T', ‘ADR', ‘COUNT’ 


NL FORMAT 
OP CODE: BC S FIELD TED oy 
im ed i fe OTS Mies Ee | 
F 8 7 ae 0 
OPERAND 
ADD RE S-5 
F 0 
DESCRIPTION 
The contents of memory locations beginning with ‘ADDRESS' are 
loaded into consecutive registers beginning with ‘REG. 
| ‘COUNT' is the number of registers to be loaded. The condi- 
| tion code is not changed by this instruction. 
| (REG T) THRU (REG T +'COUNT'-1)* LOADED FROM MEMORY LOCATIONS: 
'ADDRESS' THRU 'ADDRESS'+'COUNT'-1 
*MODULO 16 
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LOAD MULTIPLE, DIRECT REGISTER 


MODE DESIGNATOR DR 


ASSEMBLER FORMAT LDRM DR, ‘REG T',. 'COUNT' 


RR_ FORMAT 


OP CODE: FB S FIELD T FIELD 


See eee ia a ae ea ae ee 
3 0 


F 8 7 4 


DESCRIPTION 


The contents of memory locations beginning with (REG T) are 
loaded into consecutive registers beginning with ‘REG T' 

+1 and ending with REG T +'COUNT'*. ‘COUNT' is the number of 
registers to be loaded. The condition code is not changed 

by this instruction. 


(REG T+1) THRU (REG T + 'COUNT')* LOADED FROM MEMORY LOCATIONS: 


(REG T) THRU (REG T)+'COUNT'-1 


*MODULO 16 


6-135(6-136 blank) 


52-054614 
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LOAD STATUS 


MODES: D, DX 


CONDITION CODE: The condition code, program counter and 
’ interrupt level are restored to a set of 
stored, previous values. 
NOTE 
This instruction is designed to be executed at 
the exit from an interrupt service routine or 
from a routine called using the TRAP instruc- 
tion (page 6-223). Execution of this instruc- 
tion restores computer status which was auto- 
matically saved by ATAC when the interrupt/TRAP 


occurred. 
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LDST 


a ae 


ee 


52-050735 


LOAD STATUS, DIRECT 


MODE DESIGNATOR 
ASSEMBLER FORMAT. 


NL_FORMAT 


DESCRIPTION 


D 
LDST D,'ADR' 

OP CODE: 99 S FIELD T FIELD 
anos th 6 OO Fe OB een ee 0 0 | 

7 rigas 0 

OPERAND 

ADDRESS a‘ 

0 


The value entered as 'ADR' is an address of a save area 
containing two words: the interrupt priority level (IL) 
concatenated with the condition code register (CCR), and 


the program counter. Execution of this instruction causes 


the two words beginning at 'ADR' to be loaded as computer 
status. The 'S' and 'T' fields are not used. 


Notes: Interrupt level zero is the highest priority in- 
terrupt. When the interrupt status is restored to the 
ATAC-16M, only interrupts of the same or higher priority 
than the level restored (IL) will be allowed to inter- 
rupt the processor. The CCR consists of four bits of 
ALU status information as defined below. Refer also to 
section 3.2 
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Software oi Hardware 
Testable CCR CCR 
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52-054614 


DESCRIPTION (continued) 


Status Word 
CCR* 


This version of the CCR is also exhibited on 


the minipanel as register 13,6: 


C = Carry indicator: set to 1 when arithmetic 
operands regarded as 16 (32)-bit unsigned quan- 
tities produce a 17 (33)-bit result. 
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52-054614 


LOAD STATUS, DIRECT-INDEXED 


MODE DESIGNATOR DX 


ASSEMBLER FORMAT BDST De BASES; REGS 


NL FORMAT 
OP CODE: 98 S FIELD FoPRELD: — >: 
Woh LOM eee Or Oa Re EG eS i 
F 8 7 Hae: 0 
OPERAND 
CoA Sp” AD DR E58 - eet 
F 0 
DESCRIPTION 


The address formed by adding the ‘BASE ADDRESS' with 'REG S' 
points to a two-word save area containing two words: the in- 
terrupt priority level (IL) concatenated with the condition 
code register (CCR), and the program counter. Execution of 
this instruction causes these two words to be loaded as con- 
puter status. The 'S' and 'T' fields are not used. 


Notes: Interrupt level zero is the highest priority interrupt. 
When the interrupt status is restored to the ATAC-16M, only 
interrupts of the same or higher priority than the level re- 
stored (IL) will be allowed to interrupt the processor. The 
CCR consists of four bits of ALU status information as defined 


below. Refer also to section 3.2. 
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DESCRIPTION (Continued 


Kk 


Software 
Testable CC 


Ov NZ P Fy WUE Sas 


Hardware 
CCR 


Status Word 
CCR* 


Ze 


) 
R 


This version of the CCR is also exhibited on 
the minipanel as register 1316: 

C = Carry indicator: set to 1 when arithmetic 
operands regarded as 16 (32)-bit unsigned quan- 
tities produce a 17 (33)-bit result. 


6-141(6-142 blank) 


52-054614 
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LDYB 


LOAD UPPER BYTE 


MODES: R, I, D, DX 


CONDITION CODE: The condition code for "LOAD 
UPPER BYTE' is always set by 
the final contents of 'REG T' 
as follows: 


(REG T) > 0, Condition code is 9001 
(REG T) = 0, Condition Code is 0010 
Condition Code 0100 is not used. 
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52-054614 


LOAD UPPER BYTE REGISTER 


MODE DESIGNATOR R 
ASSEMBLER FORMAT WOUB R, REG 1", “REG 5S’ 
RR_FORMAT 
OP CODE: D4 S FIELD T FIELD 


ee Se a ee EE ae ES 6 a ee 
F 8 


DESCRIPTION 


The high order byte (bits F-8) of the 
contents of 'REG S' is loaded into the 
low order byte of 'REG T'. Bits F to 8 
of 'REG T' are set to zero. The con- 
dition code is set. 


(REG T, 7-0) + (REG S, F-8) 


(REG T, F-8) + 0 
SET CCR 


6-144 


insane 


52-054614 
LOAD UPPER BYTE, IMMEDIATE 
MODE DESIGNATOR I 
ASSEMBLER FORMAT LDUB I, 'REG T', 'DATA' 
NL FORMAT 
OP CODE: D5 S FIELD T FIELD 
sien ye cco RUE aT 
F Sa 7 G3 
| DATA 
F 0 
DESCRIPTION 


The upper byte (bits F-8) of the value entered as 'DATA' is 
loaded as the low order byte of 'REGT'. Bits F to 8 of 
'REG T' are set to zero. The condition code is set, and the 


'S' field is not used. 


(REG T, 7-0) «+ 'DATA', BITS F-8 
(REG T, F-8) <« 0 
SET CCR 
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52-054614 

’ 

LOAD UPPER BYTE DIRECT 

| MODE DESIGNATOR . 
ASSEMBLER FORMAT | LDUB D, ‘REG T', ‘ADR’ i 
NL_ FORMAT | 

OP CODE: D6 S FIELD T FIELD " 

yt Otte t t GG © @ GPR E G FT 5 

| F & 3 & 3 0 

| | OPERAND | 

| | ADDRESS | I 

| 7 0 

| | 

| DESCRIPTION ‘ 

The high order byte (bits F-8) of the contents of ‘ADDRESS’ | 

| «5 Toaded into the low order byte (bits 7-0) of 'REG T'. | 

| Bits F-8 of ‘REG T' are set to zero. The condition code 

| is set. The 'S' field is not used. | 

| (REG T, 7-0) + (ADDRESS), BITS F-8 | 

| (REG T, F-8) « 0 | 

| SET CCR ; | 

| 6-146 " | 


52-054614 

LOAD UPPER BYTE DIRECT INDEXED 

MODE DESIGNATOR DX 

ASSEMBLER FORMAT  LDUB DX, ‘REG T', ‘BASE’, ‘REG S' 

NL FORMAT 

| | 

OP CODE: D7 S FIELD T FIELD 

| nme) ere Bone eo 

F 8 7 he 3 

| OPERAND 

i | DeAtSsEs oD DRE SS 

| F 0 
DESCRIPTION 


The high order byte (bits F-8) of the contents of the address 
formed by adding 'BASE' and ‘REG S' is loaded into the low 
order byte (bits 7-0) of 'REGT'. Bits F to 8 of ‘REG T' 

are set to zero. The condition code is set. 


(REG T, 7-0) < (BAS"+(REGS)) , BITS F-8 


(REG T, F-8) <« 0 
SET CCR 
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LOAD LOGICAL (ONE'S) COMPLEMENT 


MODES: R, I, D, DX 


CONDITION CODE: The condition code for ‘LOAD 
LOGICAL COMPLEMENT' instructions 
is based on the final contents 
of 'REG T' as follows: 


(REG T) > 0, Condition code is 0001 
(REG T) 0, Condition code is 0010 
(REG T) < 0, Condition code is 0100 


6-149 
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LEG 


52-954614 
LOAD LOGICAL (ONE'S) COMPLEMENT-REGISTER 


MODE DESIGNATOR R 


ASSEMBLER FORMAT GR. “REG TS “REG 3" 


RR_FORMAT 
OP CODE: B4 S FIELD T FIELD 
i eo eo | Eee ae 
F 8 7 a 3 0 
DESCRIPTION 


The one's complement of the vaiue in 
'REG S' is loaded into 'REG T', and 
the condition code is set. 


(REG T) < (REG S) 


SET CCR 


6-159 


52-054614 
LOAD LOGICAL (ONE'S) COMPLEMENT IMMEDIATE 
MODE DESIGNATOR i! 
ASSEMBLER FORMAT LLC I, ‘REG T', ‘DATA’ 
NL_FORMAT 
OP CODE: B5 S FIELD T FIELD 
ee eee ek ee ee ites 
F | & 7 4 3 0 
OPERAND 
F . . . 0 
DESCRIPTION 


The one's complement of the value entered 
as 'DATA' is loaded into 'REG T'. The 
condition code is set. The io fieiaris 


not used. 


(REG T) < DATA’ 
SET CCR 
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52-0546 4 
LOAD LOGICAL (ONE'S) COMPLEMENT DIRECT 


MODE DESIGNATOR D 


ASSEMBLER FORMAT LLC D, 'REG T', ‘ADR’ 


“ 
NL FORMAT 
OP CODE: B6 S FIELD T FIELD 
Oo Ro. Be 
F 8 7 A aS 0 
OPERAND 
A pick ESS 
F 0 
DESCRIPTION 
The one's complement of the contents of 
'ADDRESS' is loaded into 'REG T', and the 
condition code is set. The 'S' field is 
not used. 
(REG T) + (ADDRESS) 
SET CCR 
y ‘ 
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52-054614 


LOAD LOGICAL (ONE'S) COMPLEMENT DIRECT-INDEXED 


MODE DESIGNATOR DX 


ASSEMBLER FORMAT BUG DX. tREG 2 BASE’. T REGS: 


NL_FORMAT 
OP CODE: B87 S FIELD T FIELD 
Doi) bse Ge meen ML fee oa o- See E 
F So 7 4 0 
OPERAND 


ADD RES S 
F 0 


DESCRIPTION 


The one's complement of the content of 
the address formed by adding 'BASE' te 
'REG S' is loaded into 'REGT'. The 
condition code is set. 


(REG T) «+ (BASE+(REG S)) 


SET CCR 
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52-054614 


MUL 


MULTIPLY 


MODES: R, I, D, DX 


CONDITION CODE: The condition code for 
'MULTIPLICATION' instructions is 
set by the contents of the 32 bit 
product appearing in 'REG TtH1', 
'REG T' as follows: 


(REG T+1, T) > 0, Condition Code is 0001 
(REG T+1, T) = 0, Condition Code is 0010 
(REG T+], T) < 0, Condition Code is 0100 
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52-0546 14 


MULTIPLY REGISTER 


MODE DESIGNATOR R 


ASSEMBLER FORMAT MUL R, 'REG T', ‘REG oN 


RR FORMAT 


DESCRIPT LON 


1 


OP CODE: CC 


0 


S FIELD T FIELD 
ae Sarl Gee aS a eee eee 


The value in 'REGT' (multiplicand) is 
multiplied by the value in "REG S' 
(multiplier). The product consists of 
32 bits and appears in ‘REG T+1' (most 
significant) and 'REG T' (least signif- 
icant). Two's complement arithmetic 

is performed, and the condition code is 


set. 


Note: This is an Integer Multiply; j.e., the 
effective position of the operand binary 
points is to the right of bit number 0. 
Thus, 4000, ¢ X 4000. ¢ > 10000000, ¢. 


(REG T+1)||(REG T) + (REG T) * (REG S) 
Set CCR 
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MULTIPLY IMMEDIATE 


MODE DESIGNATOR I 


ASSEMBLER FORMAT MUL I, ‘REG T', 'DATA' 


i 
i 
i 
E 
i 
: 
| 
| 
F 
| 
i 
| 
| 
i 
E 
| 
E 
i 
F 
| 
E 
F 
| 
{ 
| 
f 
/ 
; 


NL FORMAT 
OP CODE: CD S FIELD T FIELD 

Of 0. ORE Soleh o 

F 8 7 ee 0 

OPERAND 

| OPER AND DATA 

F ; | 0 

DESCRIPTION 


The value in 'REG T' (multiplicand) is 
multiplied by the value entered as 'DATA' 
(multiplier). The 32-bit product appears 
in 'REG T' (least significant) and 

'REG T+1' (most significant). The condi- 
tion code is set; the 'S' field is not 


used. 


Note: This is an Integer Multiply; i.e., the 
effective position of the operand binary 
points is to the right of bit number 0. 
Thus, 4000, ¢ X 4000, ¢ > 10000000, ,. 


(REG T+1)||(REG T) « (REG T) * ‘DATA’ 
Set CCR 
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52-054614 


MULTIPLY DIRECT 


MODE DESIGNATOR D 


ASSEMBLER FORMAT MUL D, 'REG T', ‘ADR’ 


NL FORMAT 
OP CODE: CE S FIELD T FIELD 
ho 20. te Oe ne eeu 
F eae as 
OPERAND 
| ABBRESS - | 

F 0 

DESCRIPTION 


The value in ‘REG T' (multiplicand) is 
multiplied by the value at ‘ADDRESS'. 
The 32-bit product appears in "REG T' 
(least significant half) and 'REG T+1' 
(most significant half). The condition 
code is set. The 'S' field is not used. 


Note: This is an Integer Multiply; i.e.. the 
effective position of the operand binary 
points is to the right of bit number 0. 
Thus, 4000, ¢ x 4000), * 10000000, ¢- 


(REG T+1)|| (REG T) + (REG T) * (ADDRESS) 


Set CCR 
6-158 


52-054614 
MULTIPLY DIRECT INDEX 
MODE DESIGNATOR DX 
ASSEMBLER FORMAT | MUL DX, 'REG T', 'BASE', ‘REG S' 
NL FORMAT 
OP CODE: CF S FIELD T FLED 
| re ee ee | Rk Gs | Ramee a oie Oil 
F 8 0 
OPERAND | 
BASE ADDRE'S S | 

F 0 

DESCRIPTION 


The value in ‘REG T' (multiplicand) is 
multiplied by the value (multiplier) at 
the address formed by adding ‘BASE 
ADDRESS' to the index in 'REG S'. THE 
32-bit product appears in 'REGT' (least 
significant half) and 'REG T+1' (most 
significant half). The condition code 


is set. 


Note: This is an Integer Multiply; i.e., the 
effective position of the operand binary 
points is to the right of bit number 0. 
Thus, 4000, ¢ x 4000, 6 > 10000000, ¢. 


(REG T+1)||(REG T) « (REG T) * (BASE+(REG S)) 


Set CCR 
6-159(6-160 blank) 
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NO OPERATION 


MODES: NO MODES 


CONDITION CODE: 


The condition code is not changed 
by this instruction. 
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52-054614 


NOP 


52-054614 


NO OPERATION 


MODE DESIGNATOR NO MODES 


ASSEMBLER FORMAT NOP 


RR_FORMAT 


DESCRIPTION 


OP CODE: 00 S FIELD T FIELD 


at tae a A 
4. 3 r 


The 'NOP' instruction causes no change in 
the computer status, except the normal 
increment of the program counter. 


Note: This is a BRC IS instruction with 


a null (no branch) mask. Bits 4 
through B are "don't care". 
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RETURN 
PRET 
MODES: DR 


CONDITION CODE: The condition code is not cnanged 
by this instruction. 


i a EE a 
pieced nn ae D = 
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52-054614 


RETURN 


MODE DESIGNATOR DR 


ASSEMBLER FORMAT RET DR, ‘REG T', ‘COUNT 


RR FORMAT 


T FIELD 


OP CODE: 8E S FIELD LD 


Loe eoee Me ay ae COUNT-1 | Rok Btu 
ee 0 


F Be ee 


DESCRIPT LON 


This instruction restores registers which were previously 


stacked by the 'STACK' instruction. ‘REG T' acts as a 
stack pointer; its contents always address the next free 
After execution of the instruction, the 
'COUNT' value. It is 
initialize, and 


stack location. 
stack pointer is decremented by the 
the programmer's responsibility to define, 
maintain any of the 16 general registers as stack pointer 


'REG T' contains the stack pointer, 


register(s). 
Starting with 


is the number of registers to be returned. 
the register 'REG T' + 'COUNT'*, the 'COUNT' registers are 
restored in descending order from memory locations 
beginning at ((REG T)-1)- (REG T) is decremented by 


‘COUNT’. 


(REG T+COUNT)* THRU (REG T + 1)* restored from memory locations: 


(REG T) -1 THRU (REG T)-'COUNT' 
(REG T) + (REG T)-'COUNT' 


*Modulo 16 
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| 

| REGISTER INPUT INSTRUCTION 

| 

| MODES: WO MODES uh 
| CONDITION CODE: The condition code is set by the 

| value read into 'REGT' as follows: 


(REG T) > 0, Condition Code is 0001 
(REG T) 0, Condition Code is 0010 
(REG T) < 0, Condition Code is 0100 


sci ett ts 


If the interface times out, the condition 
code is set to 1100. 


Ra a aa 


i ilcwaattiiae. 


52-054614 


REGISTER INPUT 


MODE DESIGNATOR 
ASSEMBLER FORMAT 


RR_FORMAT 


ea) en ee ee 
FE 8 


DESCRIPTION 


NO MODES 


RIN "REG T° “REG. 5’ 


OP CODE: 8C S FIELD 1, FIELD 


7 4 3 


The contents of 'REG S' form a 16-bit 
device address which defines the input de- 
vice. A 16-bit parallel data input from 
the device is stored in 'REG T'. If an 
addressed I/0 device fails to respond 
within 64 microseconds, the overflow is 
set, and the next sequential instruction 


is executed. 
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REGISTER OUTPUT INSTRUCTION 


MODES: NO MODES 


CONDITION CODE: 


52-054614 


The condition code is set by the value 
to be output from 'REG T' as follows: 


(REG T) > 0, Condition Code is 0001 
(REG T) = 0, Condition Code is 0010 
(REG T) < 0, Condition Code is 9100 


If the interface subsequently times out, 
the condition code is overflow comple- 


mented as follows: 


CONDITION CODE 
BECOMES 

iinorc 
[conire 
10 Onl 
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52-0546 14 
REGISTER OUTPUT 
MODE DESIGNATOR | NO MODES 


ASSEMBLER FORMAT ROUT 'REG T', ‘REG S' 


RR_ FORMAT 


OP CODE: D9 S FIELD T FIELD 
| ae eee’ 
| F 8 7 mae 9 


DESCRIPTION 
| 
| 


The contents of 'REG S' form a 16-bit device 
address which defines the output device. The 
16-bit parallel data value in 'REG T' is trans- 
ferred to the addressed device. If the 
addressed I/0 device fails to respond 

within 64 microseconds, the overflow is 

set and the next sequential instruction 


is executed. 
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SEARCH LOWER BYTE, EVERY NTH WORD 
MODES: AL,BL 


CONDITION CODE: Upon completion of the search 
instruction, the condition code 
is set as follows: 


CCR=0010(ZERO) SUCCESS, Table entry equals search 
value 

CCR=0100(NEG) SUCCESS, Table entry does not equal 
search value 

CCR=0001(POS) FAILURE, Table search completed 


NOTE 

1. These instructions are interruptable after 
each table entry is searched. After inter- 
rupt service, the search resumes at the next 
table search location. 

28 If the search is successful, the address of 
the successful value is: Table end address + 
index, which can be referenced by an 'RX' 
type load. 

3. If the search is successful, re-executing the 
instruction will start with the last table 
entry that satisfied the search criterion. 

4, Byte values are assumed to be signed quantities. 
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SEARCH LOWER BYTE, EVERY NTH WORD: ABOVE OR EQUAL TO A LIMIT VALUE 


MODE DESIGNATOR AL 


ASSEMBLER FORMAT SCHL AL, 'REG T', ‘SEARCH INTERVAL', ‘REG S' 


NL_FORMAT 
OP CODE: DB S FIELD T FIELD 
F one “a 3 0 
Ss EAR CH INTERVAL 
F 0 
DESCRIPTION 


'REG S' contains the address of the last word in the table to 


be searched. 


‘REG S + 1' contains the byte search limit value for compari - 
son with search table entries. This limit must be left jus- 
tified in bits F through 8, bits 7 through 0 must be zero 


filled. 


'REG T' contains the index to the search table relative to 
the table end address. This value is initially defined as 
the difference between the addresses of the start and end 

of the table. Upon exit from a successful search instruc- 
tion, ‘REG T' contains the address of the successful table 


entry with respect to the table end address. 


6-170 
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DESCRIPTION (continued) 


‘SEARCH INTERVAL' is the increment between values addressed 
in the table. 


The address of the table entry is defined as the sum of the 
table end address (REG S) plus the index (REG T). The 
byte search treats byte values as signed 8-bit integers. 


(REG S): TABLE END ADDRESS 
(REG S + 1): BITS F-8 « LIMIT BYTE VALUE; BITS 
7-0 «+ ZERO 
(REG T): INDEX TO TABLE (TABLE ENTRY ADDRESS-TABLE 


END ADDRESS) 
TABLE VALUE ADDRESS = (REG S) + (REG T) 


The search instruction iterates as follows: 


1. The table entry address is computed; 

2. The lower byte of the addressed table value iS com- 
pared to the upper byte of the limit value (REG S 
+75 

3. If the lower byte of the table entry is greater than 
or equal to the upper byte of the limit value, the 
search is terminated with the CCR set to "SUCCESS" 
(equal: CCR=0010) (above: CCR=0100) ; 

4. If the comparison fails, the SEARCH INTERVAL is 
added to the index (REG T); 

5. If the index is still negative, continue the search 
at step 1 (above). 

6 A positive index value terminates the search in- 
struction with the CCR set to "FAIL" (CCR=0001). 
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SEARCH LOWER BYTE EVERY NTH WORD; BELOW OR EQUAL TO A LIMIT VALUE 
MODE DESIGNATOR BL 


ASSEMBLER FORMAT SCHL BL, 'REG T', ‘SEARCH INTERVAL’, ‘REG: S 


NL_FORMAT 
OP CODE: B8 S FIELD T FIELD 
1 de Sh 0 RE Ga eee Grey 
F 8 4 
es 
ee ae ee ee a 
F 0 
DESCRIPTION 


'REG S' contains the address of the last word in the table to 


be searched. 


'REG S + 1' contains the byte search limit value for compari- 
son with search table entries. This limit must be left 
justified in bits F through 8, bits 7 through 0 must be 
one-filled ('FF'). 


‘REG T' contains the index to the search table relative to the 
table end address. This value is initially defined as the 
difference between the addresses of the start and end of the 
table. Upon exit from a successful search instruction, 

'REG T' contains the address of the successful table entry 
with respect to the table end address. 
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DESCRIPTION (continued) 


"SEARCH INTERVAL' is the increment between values addressed 
in the table. 


The address of the table entry is defined as the sum of the 
table end address (REG S) plus the index (REG T). The byte 
search treats byte values as signed 8-bit integers. 


(REG S): TABLE END ADDRESS 
(REG S + 1): BITS F-8 +« LIMIT BYTE VALUE; BITS 
ys Ole ee nas 
(REG T): INDEX TO TABLE (TABLE ENTRY ADDRESS-TABLE 


END ADDRESS) 
TABLE VALUE ADDRESS = (REG S) + (REG T) 


The search instruction jterates as follows: 


1. The table entry address is computed; 

2. The lower byte of the addressed table value is com- 
pared to the upper byte of the limit value (REG S 
+ 1); 

3. If the lower byte of the table entry is less 
than or equal to the upper byte of the limit value, 
the search is terminated with the CCR set to 
"SUCCESS" (equal: CCR=0010) (below: CCR=0100); 

4. If the comparison fails, the SEARCH INTERVAL is 
added to the index (REG T); 

5. If the index is still negative, continue the search 
at step 1 (above). 

6. A positive index value terminates the search in- 
struction with the CCR set to "FAIL" (CCR=0001). 
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SEARCH EVERY NTH WORD 


MODES: AL,BL 


CONDITION CODE: Upon completion of the search 
instruction, the condition code 
is set as follows: 


CCR=0010(ZERO) SUCCESS, Table entry equals search 
value 

CCR=0100(NEG) SUCCESS, Table entry does not equal 
search value 

CCR=0001(POS) FAILURE, Table search completed 


NOTE 
These instructions are interruptable after each table 
entry is searched. After interrupt service, the search 
resumes at the next table search location. 
If the search is successful, the address of the success- 
ful value is: TABLE END ADDRESS + INDEX which can be 
referenced by an 'RX' type load. 
If the search is successful, re-executing this instruc- 
tion will start with the last table entry that satisfied 
the search criterion. 
This instruction may be used to search signed upper bytes 
of a word table. The byte limit must be left-justified, 
and the low order byte of the limit word filled with 'FF' 
for the below limit search, or '00' for the above limit 
search. In general, CCR is not set to (0010) if byte 
equality exists between the table value and limit. 
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SCHW 


52-050735 


SEARCH EVERY NTH WORD ABOVE OR EQUAL TO LIMIT 


MODE DESIGNATOR AL 


ASSEMBLER FORMAT  SCHW AL, ‘REG T', ‘SEARCH INTERVAL', ‘REG S' 


NL_ FORMAT 
OP CODE: BB S FIELD 7 PLELD 
ee Seek ee cee ak eae 
F Bt ay 4 3 0 
; Ser A: RC i ee ie oe a 
F 0 
DESCRIPTION 


‘REG S' contains the address of the last word in the table to 


be searched. 


'REG S + 1' contains the word search limit value for compari - 
son with search table entries. This limit is a 2's comple- 


ment 16-bit number. 


'REG T' contains the index to the search table relative to the 
table end address. This value is initially defined as the 
difference between the addresses of the start and end of the 
table. Upon exit from a successful search instruction, 

'REG T' contains the address of the successful table entry 
with respect to the table end address. 
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DESCRIPTION (continued) 


'SEARCH INTERVAL' is the increment between values 
addressed in the table. ! 


The address of the table entry is defined as the sum of the 
table end address (REG S) plus the index (REG T). The byte 
search treats byte values as positive integers. 


| (REG S): TABLE END ADDRESS 
(REG S + 1): LIMIT VALUE 
(REG T): INDEX TO TABLE (TABLE ENTRY ADDRESS-TABLE 


END ADDRESS) 
TABLE VALUE ADDRESS = (REG S) + (REG T) 


The search instruction iterates as follows: 


. The table entry address is computed; 
2. The addressed table value is compared to the limit value 
(REG S + 1); 
3. If the table entry is greater than or equal to the 
limit value, the search is terminated with the CCR set 
to "SUCCESS" (equal: CCR=0019) (above: CCR=0100) ; 
4. If the comparison fails, the SEARCH INTERVAL is added to 


the index ('REG T'); 
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DESCRIPTION (continued) 


5, If the index is still negative, continue the search at 


step 1 (above). 
6. A positive index value terminates the search instruc- 
tion with the CCR set to "FAIL" (CCR=0091). 
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SEARCH EVERY NTH WORD BELOW OR EQUAL TO LIMIT 


MODE DESIGNATOR BL 


ASSEMBLER FORMAT SCHW BL, 'REG T', 'SEARCH INTERVAL', ‘REG S' 


NL_ FORMAT 
OP CODE: B89 S FIELD 7 FIELD 
Bo LES Ge. oS eae al, 
F Ree Coe, 0 
S E—E ARCH 1 sakes aed i Se a 
F 0 
DESCRIPTION 


'REG S' contains the address of the last word in the table 
to be searched. 


'REG S + 1' contains the word search limit value for compari - 
son with search table entries. This limit is a 2's comple- 


ment 16-bit number. 


'REG T' contains the index to the search table relative to the 
table end address. This value is initially defined as the 
difference between the addresses of the start and end of the 
table. Upon exit from a successful search instruction, 

'REG T' contains the address of the successful table entry 
with respect to the table end address. 
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DESCRIPTION (Continued) 


‘SEARCH INTERVAL' is the increment between values addressed 
in the table. 


The address of the table entry is defined as the sum of the 
table end address (REG S) plus the index (REG T). The byte 
search treats byte values aS signed 8-bit integers. 


(REG S): TABLE END ADDRESS 
(REG S + 1): LIMIT VALUE 
(REG T): INDEX TO TABLE (TABLE ENTRY ADDRESS-TABLE 


END ADDRESS) 


TABLE VALUE ADDRESS = (REG S) + (REG T) 


The search instruction iterates as follows: 


The table entry address is computed; 

The addressed table value is compared to the limit 
value (REG S + 1); 

If the table entry is less than or equal to the 

limit value, the search is terminated with the CCR 

set to "SUCCESS" (equal: CCR=0010) (below: CCR=0100); 
If the comparison fails, the SEARCH INTERVAL is 


added to the index ( REG T ic 
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DESCRIPTION (Continued) 


5. If the index is still negative, continue the search 


at step 1 (above). 
6. A positive index value terminates the search instruc- 


tion with the CCR set to "FAIL" (CCR=0001). 
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SHIFT DOUBLE REGISTER 
MODES: LL, RA, RL 


CONDITION CODE: The condition code is set by the 
final contents of 'REGT' + 1, la a'S 
follows: 


(REG T+1, T) > 0, Condition Code is 0001 
(REG T+1, T) 0, Condition Code is 0010 
(REG T+], T) < O, Condition Code is 0100 


SHD 


52-054014 


SHIFT DOUBLE REGISTER LEFT LOGICAL 


MODE DESIGNATOR LL 


ASSEMBLER FORMAT SHB“ LES. sneGe 4. “COUNT” 


RR_ FORMAT 


| OP CODE: F8 S FIELD T FIELD 
ec Geen ll 0) 200. OpDEUEN Tee ola sss i 
F 8 7 4-3 
DESCRIPTLON 


The contents of 'REG T+1' and 'REG T' 
are treated as a single 32 bit register 
and shifted left the number of bits 

| specified by 'COUNT'. The ‘COUNT’ value 
. range is 1 to 16. Right fill with zero 
| jn 'REG T', and set the condition code. 


(REG T+1|]REG T) « SHIFTED LEFT BY ‘COUNT" BITS 
Set CCR 
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SHIFT DOUBLE REGISTER RIGHT ARITHMETIC 


MODE DESIGNATOR RA 


ASSEMBLER FORMAT SHD RA, 'REG T', ‘COUNT’ 


| RR_FORMAT 

| OP CODE: D8 S FIELD T FIELD 

i, (00) Te cio eC CUNT ee EG 

| F | ae 7 463 0 
DESCRIPTION 


The contents of 'REG T+1' and 'REG T' 
are treated as a single long register 
and shifted right the number of bits 
specified by ‘COUNT’. The ‘COUNT ' 
value range is 1 to 16. Left fill 

with the sign bit of 'REG T+1', and the 
condition code is set. 


(REG T+1||REG T) + SHIFTED RIGHT BY ‘COUNT’ BITS 
Set CCR 


| 2 
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SHIFT DOUBLE REGISTER RIGHT LOGICAL 


MODE DESIGNATOR RL 


ASSEMBLER FORMAT SHD RL, 'REG T', ‘COUNT’ 


RR_FORMAT 
| OP CODE: £8 S FIELD T FIELD 
| oe aS eee eee 
| os 8 7 4 3 0 
| DESCRIPTION 


The contents of ‘REG T+1' and ‘REG T° 

are treated as a single long register 

| and shifted right ‘COUNT’ bits. The 
'COUNT' value range is 1 to 16. Left ie | 
with zeroes and set the condition code. 


(REG T+1| | REG T) <« SHIFTED RIGHT 'COUNT' BITS 
Set CCR 
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SHIFT SINGLE REGISTER 


MODES: LL, RA, RL 


CONDITION CODE: The condition code for all shift 
single register instructions is 
based on the final contents of 
"REG T' as follows: 


(REG T) > 0, Condition Code is 0001 
(REG T) 0, Condition Code is 0010 
(REG T) < 0, Condition Code is 0100 
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SHIFT SINGLE REGISTER LEFT LOGICAL 


MODE DESIGNATOR LL: 


ASSEMBLER FORMAT SHS LL, 'REG T', ‘COUNT’ 


RR_FORMAT 
| QP CODE: AE S FIELD T FIELD 
SSeS mt foe PE ODL WSC ra i ee, Ape cag 

| F a ae 0 

| DESCRIPTION 


The contents of 'REG T' are shifted left 
the number bits indicated by the value 
'COUNT'. The 'COUNT' value range is 1 
to 16. Right fill with zeroes, and 

set the condition code. 


(REG T) ~« SHIFTED LEFT BY 'COUNT' BITS 
Set CCR 
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SHIFT SINGLE REGISTER RIGHT ARITHMETIC 


ASSEMBLER FORMAT 


RR_FORMAT 


1 


DESCRIPTION 


MODE DESIGNATOR 


0 


RA 


SHS RA, 'REG T', ‘COUNT’ 


OP CODE: AC  SFIELD T FEEED 


1 


6 1 1 ate 6 0 UN RTE T 
0 


a 4 3 


The contents of 'REG T' are shifted right 
the number of bits indicated by the value 
'COUNT'. The 'COUNT' value range is 1 to 
16. Left fill with the sign bit, and the 
condition code is set. 


(REG T) + SHIFTED RIGHT BY 'COUNT' BITS 
Set CCR 
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SHIFT SINGLE REGISTER RIGHT LOGICAL 


MODE DESIGNATOR RL 


ASSEMBLER FORMAT SHS RL, “REG T', “COUNT 


RR_FORMAT 
OP CODE: AD S FIELD T FIELD 
- ote 4 ee TM COUNT Sa eee Te 
F ae 3 0 
DESCRIPTION 


The contents of 'REG T' are shifted 
right the number of bits indicated by 
the value 'COUNT'. The 'COUNT' value 
range is 1 to 16. Left fill with 
zeroes, and the condition code is set. 


(REG T) +« SHIFTED RIGHT BY 'COUNT' BITS 
Set CCR 
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ATAC SIMULATOR CONTROL INSTRUCTION 


MODES: NONE 


CONDITION CODE: The 'SIM' instruction does not 
change the condition code. 


SIM 
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INSTRUCTION SIMULATOR CONTROL 


MODE DESIGNATOR None 


ASSEMBLER FORMAT SIM 'FN', ‘OPERAND' 


NL_ FORMAT 
OP CODE: FE § FIELD TETELD 
tithes toot hele bore, Oe FN | 
F 8 7 e: 0 
OPERAND 
OPERAND | 
3 0 
DESCRIPTION 


ATAC treats all forms of the instruction 
simulator control instruction as a no- 
operation. This two-word instruction does 
not change the state of the machine, ex- 
cept to advance the program counter to ex- 
ecution of the next sequential instruction. 
Usage of this instruction for the control of 
simulation runs is discussed in the ATAC 
Volume 2 Programming Support System (APSS). 
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SET MEMORY SEMAPHORE 
MODES: D, DX 

CONDITION CODE: The condition code is set 

based upon the success of 

the SMS to set bit(s) in 

memory. 
Memory bit(s) set, condition code is 0010 
Memory bit(s) not set, condition code is 0001 or 0100 

SMS 
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SET MEMORY SEMAPHORE DIRECT 
MODE DESIGNATOR OD 


ASSEMBLER FORMAT SMS. D, "REG T".. "ADR’ 


NL_ FORMAT 
OP CODE: CO Ss ERELD T FREED 
7 @ &€ @ 0 8 Oho &@ & OR EF GT 
F & fF 4 3 0 
OPERAND 
A Doo  B E S$ 
FF 0 
DESCRIPTION 


The SMS instruction provides a general purpose mechanism for pro- 
cessor capture of computer resources in multiprocessor configura- 
tions. Conversely, the CMS instruction is used to release the 
resource for use by another processor. 


The SMS. instruction utilizes 'REGT' as a mask so that any part of 
the 16-bit semaphore (located at 'ADDRESS' in memory) may be used 
as a flag to indicate capture of a resource. The SMS instruction 
ANDs the semaphore with (REGT) and successfully captures the re- 
source when the condition code resulting from this AND indicates a 


zero result. 


When a capture is successful, 'REGT' is inclusive ORed with the 
semaphore word and the result is rewritten to memory. In this man- 
ner all flag bits are set, indicating to all external processors that 


the device has been captured. 
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DESCRIPTION (Continued) 


The semaphore instruction locks out all other processor and I/0 
memory accesses for four microcycles (two with memory references). 
During the lockout the semaphore word is read from memory, is ANDed 
with 'REGT', and assuming capture of the resource, is inclusive ORed 
with 'REGT' and the result written to memory. 


To prevent memory from being locked for an excessive amount of time 
while waiting for the resource to be released, the SMS instruction 
first reads and tests the semaphore word without the lockout. If 
the capture is unsuccessful, the instruction terminates with the 

CCR indicating a non-zero result. If the capture is successful with 
the memory lock off, the integrity of the capture is insured by re- 
reading and retesting the semaphore word with the lock on. 


If the final test determines that the resource is available (i.e., 
bit not set) the instruction sets the semaphore flag bit(s) cor- 
responding to any '1's in 'REGT' and rewrites the semaphore word to 
memory. 


If the final test indicates that another processor has captured the 
resource since the previous test, the memory lockout is cleared and 
the instruction terminates. 


Reading and testing the semaphore word first with the memory lock 
off and then (if the first test was successful) with the memory lock 
on allows for more efficient multiport access to the memory space 


containing the semaphore word. 


The suggested method for using the SMS is as follows: 


6-195 


a png mente 


+ eects cement step ner er acer nee 


52-054614 


DESCRIPTION (Continued) 


WAITL 


Step 
] 


10 
1] 


LDR T2004 DATA FOR SEMAPHORE 

SMS D,2,MEMSEM CHECK SEMAPHORE 

BRCS NE ,WAITL LOOP IF UNSUCCESSFUL 
CODE USING RESOURCE 

CMS D,2,MEMSEM RELEASE RESOURCE 

Memory 

Operation Lock 

ADR > memory address register, read posit” 

next instruction. 

Read semaphore word from memory. - no 


AND semaphore word with REGT; set CCR no 


on result. 


Branch to step 9 if CCR does not indi- no 


cate a zero result. 
Reread semaphore word. 


yes 


AND semaphore word with REGT; set CCR yes 


on result. 


Branch to step 11 if CCR does not in- yes 
dicate a zero result; OR semaphore word 


with REGT, transfer result to memory 


output register. 


Write new semaphore word to memory. yes 


Increment program counter. no 


Perform an instruction fetch and exit. no 


Clear lockout by reading semaphore word no 


again; increment program counter and 


branch to step 10. 
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SET MEMORY SEMAPHORE DIRECT INDEXED | 

MODE DESIGNATOR DX 

| 

) ASSEMBLER FORMAT SMS DX; "REG I’. “BASE, ‘REG S' 

| 

i 

| NL_FORMAT 

| | 

OP CODE: FI S FIELD T FIELD 

Pie, teal cStaves bs etek 

F OE, 4 0 

Ro Gut ee stie Eo (Dro (Rs. HE-onSee, 38 | 

| F 0 
| DESCRIPTION 


The SMS instruction provides a general purpose mechanism for pro- 
cessor capture of computer resources in multiprocessor configura- 
tions. Conversely, the CMS instruction is used to release the re- 


source for use by another processor. 


| 
The SMS instruction utilizes 'REGT' as a mask so that any part of 
the 16-bit semaphore (located at 'BASE' + (REG S) in memory) may be 
used as a flag to indicate capture of a resource. The SMS instruc- | 
tion ANDs the semaphore with (REGT) and successfully captures the | 
resource when the condition code resulting from this AND indicates a 


zero result. 


When a capture is successful, 'REGT' is inclusive ORed with the sema- | 
phore word and the result is rewritten to memory. In this manner 
all flag bits are set, indicating to all external processors that | 


the device has been captured. 


mE mes =e mwa & & SS Se eS Se 8 & 8S FS 
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DESCRIPTION (Continued) 


The semaphore instruction locks out all other processor and I/0 
memory accesses for four microcycles (two with memory references). 
During the lockout the semaphore word is read from memory, is ANDed 
with 'REGT', and ssuming capture of the resource, is inclusive ORed 
with 'REGT' and the result written to memory. 


To prevent memory from being locked for an excessive amount of time 
while waiting for the resource to be released, the SMS instruction 
first reads and tests the semaphore word without the lockout. If 
the capture is unsuccessful, the instruction terminates with the CCR 
indicating a non-zero result. If the capture is successful with the 
memory lock off, the integrity of the capture is insured by re- 

| reading and retesting the semaphore word with the lock on. 
} 


If the final test determines that the resource is available (i.e., 
bit not set) the instruction sets the semaphore flag bit(s) cor- 
responding to any '1's in 'REGT' and rewrites the semaphore word to 


memory. 


If the final test indicates that another processor has captured the 
resource since the previous test, the memory lockout is cleared and 


the instruction terminates. 

Reading and testing the semaphore word first with the memory lock 
off and then (if the first test was successful) with the memory lock 
on allows for more efficient multiport access to the memory space 


containing the semaphore word. 


The suggested method for using the SMS is as follows: 
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DESCRIPTION (Continued) 


CDR Ly 1s OFFSET 

LDR I, 2, 0101 DATA FOR SEMAPHORE 

SMS DX, 2, SEMBASE, 1 CHECK SEMAPHORE 

BRCS NE, WAITL LOOP IF UNSUCCESSFUL 
CODE USING RESOURCE 

CMS DX, 2, SEMBASE, 1 RELEASE RESOURCE 

Memory 

Operation Lock 

'BASE' + (REG S) memory address register, no 

read next instruction. 

Read semaphore word from memory. no 

AND semaphore word with REGT; set CCR on no 

result. 

Branch to step 9 if CCR does not indicate no 

a zero result. 

Reread semaphore word. yes 

AND semaphore word with REGT; set CCR on yes 

result. 

Branch to step 11 if CCR does not indicate yes 

a zero result; OR semaphore word with REGT, 

transfer result to memory output register. 

Write new semaphore word to memory. yes 

Increment program counter. no 

Perform an instruction fetch and exit. no 

Clear lockout by reading semaphore word no 


again; increment program counter and branch 
to step 10. 
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STACK 


MODES: DR 


CONDITION CODE: The condition code is not changed 
by this instruction 
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STACK 


MODE DESIGNATOR DR 
ASSEMBLER FORMAT STK DR, 'REG T', ‘COUNT 


RR_FORMAT 


OP CODE: 8D S FIELD T FIELD 
' @ @ @ £€ FG PECOUNT-TEER E SG Ty 
F & fF 4 3 0 
DESCRIPTION 


When one or more registers are to be saved on a stack, the 
'STACK' instruction is used. The programmer is responsible 
for defining, initializing, and maintaining any of the 16 
general registers as stack pointer registers. A stack 
pointer register contains the address of the next memory 
location available for register storage. The "RETURN' in- 
struction is used to return register values from the stack. 
For every stack command executed, an equal number of reg- 
jsters stacked should be returned to registers from the 
stack, using the 'RETURN' instruction. 


"REG T' points to the next available memory location for 
stacking. 'COUNT' is the number of registers to be stacked. 


Upon execution, contents of registers 'REG T' -1* thru 


*Modulo 16 
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DESCRIPTION (continued) 


52-054614 


'REG T' + 'COUNT'* are stored in ascending memory locations 
(REG T) through (REG T) + 'COUNT' -1. Upon completion of 
this instruction, 'REGT' is incremented to point to the 
next available stack location. 


(REG T +1)* THRU (REG T +'COUNT')* STORED IN MEMORY 
LOCATIONS: 

(REG T) THRU (REG T)+'COUNT'-1; 

(REG T) « (REG T) + ‘COUNT ' 


*Modulo 16 
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STORE 


MODES: D, DX, RX 


CONDITION CODE: 


The 'STORE' instructions leave 


the condition code unchanged. 
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STORE DIRECT 


MODE DESIGNATOR D 


ASSEMBLER FORMAT STR D, ‘REG T', ‘ADR’ 


NL_ FORMAT 
OP CODE: 9C 5 FIELD T FIELD 
phew) sa Dh i On Oe ee 
F a. 79 4 3 0 
OPERAND 


DESCRIPTION 


The contents of 'REG T' are stored in 
the memory location given by ‘ADDRESS’. 
The 'S' field is not used. 


(ADDRESS) + (REG T) 


NOTE: 1. Due to the pipelined architecture of the ATAC-16M, the 
stored instruction should not be used to modify the 
instruction immediately following it. 


2. This is the same as instruction STRM D, ‘ADR’, 1. 
Hence, the S-field is a count (not a “don't care"). 
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STORE DIRECT-INDEXED 


MODE DESIGNATOR DX 


ASSEMBLER FORMAT STR DX, 'REG T', 'BASE', ‘REG S' 


NL_ FORMAT 


OP CODE: 9B S FIELD ~~ T FIELD 


8 7 4 3 0 


Geil 0) ie a 
F 


OPERAND 


F 


DESCRIPTION 


The contents of 'REG T' are stored in 
the address formed by adding 'BASE' and 
“REG. Ss 


(BASE+(REG S)) < (REG T) 
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STORE REGISTER INDEXED 


MODE DESIGNATOR 
ASSEMBLER FORMAT 


RX FORMAT 


DESCRIPTION 


RX 


Sie Res Read oo eG Sy "REG -%’ 


] X FIELD S FIELD F-PLELD 


The contents of 'REG T' are stored in 
the address formed by adding the contents 
of 'REG X' and 'REG S'. 


((REG X)+(REG S)) +« (REG T) 
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STORE MULTIPLE 


MODES: D, DR 


CONDITION CODE: 


The condition code is not changed 
by execution of these instructions. 
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STORE MULTIPLE 


MODE DESIGNATOR D 


ASSEMBLER FORMAT STRM D, "REG T', ‘ADR’, ‘COUNT' 


NL FORMAT 
OP CODE: 9C S FIELD T FIELD 
1 8 8 FT 2.4 8 OF COVUAT—-1 IR FF G& 7 
r a OF a 3 0 
OPERAND 


ADDRESS 
Pe 0 


DESCRIPTION 


The contents of 'COUNT' consecutive registers beginning with 
'REG T' are stored into the consecutive memory locations be- 
ginning with 'ADDRESS'. 'COUNT' is the number of registers 
to be stored. The condition code is not changed by this 


instruction. 


(REG T) THRU (REG T + ‘COUNT’ -1)* STORED IN MEMORY LOCATIONS: 
'ADDRESS' THRU 'ADDRESS' + 'COUNT' -1. 


*MODULO 16 
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STORE MULTIPLE 


MODE DESIGNATOR DR 


ASSEMBLER FORMAT STRM DR, ‘REG T', ‘COUNT’ 


RR_FORMAT 


OP CODE: F9 S FIELD T FIELD 


i ee es mI 
0 


F : 8 7 43 


DESCRIPTION 


The contents of 'COUNT' consecutive registers beginning with 
'REG T' +1 are stored into the consecutive memory locations 
beginning with (REG T) and ending with (REG T) + 'COUNT' -1*. 
‘COUNT! is the number of locations to be stored. The con- 
dition code is not changed by this instruction. 


(REG T +1) THRU (REGT + ‘COUNT! )* STORED IN MEMORY LOCATIONS: 
(REG T) THRU (REG Ty} *COUNT™ -1. 


*MODULO 16 
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SUBTRACTION 


MODES: R, I, D, DX, RX, DR. 


CONDITION CODE: The condition code for all sub- 


tract instructions is set by the 
final contents of 'REGT' as 
fol lows : 


POS ZERO NEG 


Pio [=== [1001 


The case 8000-8000 does not produce a CCR=1010 even 
though the 2's complement of 8000 is 8000. This is 
because the subtraction is carried out as 8000 + 
7FFF + 1, which produces a zero without overflow. 


No Overflow 
Overflow 


SUB 
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SUBTRACTION 


MODE DESIGNATOR R 


ASSEMBLER FORMAT SUB R, *REG T', ‘REG S' 


RR FORMAT 
OP CODE: 84 S FIELD T FIELD 
, of 2 6 6 2 6. Sa R © © Sam 2 
F a 7 3 
DESCRIPTION 


The value (subtrahend) in 'REG S' is sub- 
tracted from the value (minuend) in ‘REG 
T'. The difference appears in 'REGT', 
and the condition code is set. 


(REG T) « (REG T) - (REGS): 
Set CCR 


6-214 
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SUBTRACTION 


MODE DESIGNATOR I 


ASSEMBLER FORMAT SUB I, 'REG T', ‘DATA’ 


NL FORMAT 
OP CODE: 85 S°FLELD T FIELD 
5 ain Oh Ome OND, WiegOaRG EST 
F eri op 4 3 0 
OPERAND 
F 0 
DESCRIPTION 


The value entered as 'DATA' (subtrahend) 
is subtracted from the value in REG le 

(minuend). The difference is stored in 
'REG T', and the condition code is set. 

The 'S' field is not used. 


(REG T) + (REG T) - ‘DATA’ : 
Set CCR 
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SUBTRACTION 


MODE DESIGNATOR D 
ASSEMBLER FORMAT SUB D, 'REG T', ‘ADR' 


NL FORMAT 


OP CODE: 86 S FIELD 
2 es pio: 2. @ 0) 8. 0. 2 Bae 
F Cb 7 a 2 
OPERAND 


DESCRIPTION 


The value at 'ADDRESS' (subtrahend) is 
subtracted from the value (minuend) in 
‘REG T'. The difference is stored in 
'REG T', and the condition code is set. 
The 'S' field is not used. 


(REG T) « (REG T) - (ADDRESS) : 
Set CCR 
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SUBTRACTION 


i 


MODE DESIGNATOR DX 


ASSEMBLER FORMAT SUB DX, 'REG T', 'BASE', ‘REG S' 


NL FORMAT 
OP CODE: 87 S FIELD T FIELD 
Se ee 
F 8. 7 4, 3 0 
OPERAND 


Basses eb DRESS 
F 0 


DESCRIPTION 


The value (subtrahend) at the address 
formed by adding 'BASE' and 'REG S' 

js subtracted from the value in "REG. 1 * 
(minuend). The difference appears in 
'REG T' and the condition code is set. 


(REG T) + (REG T) - (BASE+(REG S) ): 
Set CCR 


6-217 
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SUBTRACTION 


MODE DESIGNATOR RX 


ASSEMBLER FORMAT SUB RX, 'REG T', 'REG S', 'REG X’ 


RX_ FORMAT 
OP CODE: 3 oe BIELD: S FIELD T FIELD 
Oe a tae ee OR Oe Be SR ee 
F & ob ae 4 4 3 
DESCRIPTION 


The value (subtrahend) at the address 
formed by adding 'REG X' to 'REG S' is 
subtracted from the value in ‘REG T' 
(minuend). The difference appears in 
'REG T', and the condition code is set. 


(REG T) « (REG T) - ((REG X)+(REG S)): 
Set CCR 
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SUBTRACTION 


MODE DESIGNATOR DR 


ASSEMBLER FORMAT SUB DR, 'REG T', ‘REG S' 


RR FORMAT 
OP CODE: FA S FIELD T FIELD 
F tie) a/ 43 0 
DESCRIPTION 


The value (subtrahend) at the address in 
'REG S' is subtracted from the value in 
'REG T' (minuend). The difference ap- 

pears in 'REG T', and the condition code 


is set. 


(REG T) « (REG T) - ((REG S)): 
Set CCR 


6-219(6-220 blank’ 
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SWAP INTERRUPT MASK 


MODES: R 
CONDITION CODE: The condition code is not changed 


by execution of the 'SWIM' instruc- 


tion. 


6-221 


swim iin 
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SWAP INTERRUPT MASK 


MODE DESIGNATOR 


ASSEMBLER FORMAT 


RR_ FORMAT 


DESCRIPTION 


R 


SWIM R, 'REG T', ‘REG S' 


OP CODE: 9A S FIELD Tt FIELD 


Se | es ee es ee ee ee ee 


The contents of the interrupt mask register are loaded 


into 'REG T'. The interrupt mask register is loaded 
from the contents of 'REG S'. A '1l' in the interrupt 
mask arms (enables) the interrupt level corresponding 
to the 'l' in the mask. Bit 0 (the least significant 
bit) corresponds to interrupt level 0 (the highest 
priority interrupt level). For example, the mask 
'0001' will inhibit all interrupts except for 

the highest priority interrupt. Refer also to 
section 3.2. 


Note: The case S=T performs: (REG S) O (IMR). 
(TEMP) + (IMR) oy p 


(IMR) yew + (REG S) 
(REG T) « TEMP 
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i al ct a aaa 


RRR Ln a oi pena i as 


TRAP 


MODES: NONE 


CONDITION CODE: The condition code is not changed 
by execution of a 'TRAP' instruc- 


tion. 


TRAP fF 


6-223 
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TRAP 
MODE DESIGNATOR None 
ASSEMBLER FORMAT TRAP 'LIT' 


TRAP_ FORMAT 


OP CODE: FF LITERAL 


Peete erie, owls UNE at eee dece oes 


F Bee 0 


DESCRIPTION 


Execution of a trap instruction causes the standard interrupt mi- 
crocode to be executed as an instruction. Normal interrupt pro- 
cedures are followed: a pointer to a three-word status save area 

is read from memory location 0003, the program status word is writ- 
ten to ((0003)), and the address of the instruction following the TRAP 
instruction is written to ((0003) + 1). Execution of the TRAP 
interrupt service routine begins at the address stored in memory 
location (0003) + 2. The TRAP instruction does not interface with 
the interrupt hardware (except for reading out the interrupt pri- 
ority register); consequently, the TRAP instruction cannot be 
inhibited by the interrupt mask or the DSI instructions and does 

not affect the current interrupt level. Any interrupt level may in- 
terrupt the trap instruction's service routine (subject to the IMR 
and IPR), and conversely, the TRAP instruction can be used in any 
interrupt service routine. 


The literal value 00 to FF may be used as a parameter to differen- 
tiate up to 256 unique traps to an executive program. Refer also to 
section 3.2. 


((3)) + (IPR) | (CCR) 
((3) + 1) « (PCR) 
PCR « ((3) + 2) 

6-224 
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EXCHANGE REGISTERS 


MODES: R 


CONDITION CODE: The condition code for ‘EXCHANGE 
REGISTERS' is always set by the 
final contents of 'REG T' as 
follows: 


(REG T) > 0, CONDITION CODE IS 0001 


(REG T) = 0, CONDITION CODE IS 0010 
_ (REG T) < 0, CONDITION CODE IS 0100 


6-225 
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EXCHANGE REGISTERS 
MODE. R 


ASSEMBLER FORMAT aL R, * REG T’, “REG S' 


RR_FORMAT 
OP CODE: DF S FIELD T FIELD 
Le ee ae ee ee 
F @ 7 
DESCRIPTION 


The contents of 'REG T' are loaded into 
"REG S', and the original contents of 
"REG S' are loaded into 'REGT'. 


(REG T) +» (REG S): 
Set CCR 


6-226 


ii adres its 


ini a aoa 


52-054614 


EXCHANGE BYTES 
MODES: R 


CONDITION CODE: The condition code for the 'EX- 
CHANGE BYTES' instruction is al- 
ways set by the final contents of 
"REG T' as follows: 


(REG T) > 0, CONDITION CODE IS 0001 


(REG T) = 0, CONDITION CODE IS 0010 
(REG T) < 0, CONDITION CODE IS 0100 


6-227 


XCHB 
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EXCHANGE BYTES 


MODE R 
ASSEMBLER FORMAT ACHE R “REG. T", "REGS" 


RR_FORMAT 


OP CODE: BD S FIELD T FIELD 
PSOne ert ee a Re et eee ad ae 
8 7 4 3 0 


DESCRIPTION 


The high order byte (BITS F-8) of the con- 
tents of 'REG S' is loaded into the low order 
byte (BITS 7-0) of 'REG T'. The low order 

byte of 'REG S' is loaded into the high 

order byte of 'REG T'. The condition code 

is set. 


(REG T, 7-0) « (REG S, F-8); 


(REG T, F-8) « (REG S, 7-0): 
Set CCR 


6-228 
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ie aca a Re sta 


EXCHANGE MULTIPLE 
MODES: D 


CONDITION CODE: The condition code is not changed 
by execution of this instruction. 


XCHMM 
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EXCHANGE MULTIPLE DIRECT 
NODE D 


ASSEMBLER FORMAT XCHM D, 'REG T', 'ADR', 'COUNT' 


NL FORMAT 
OP CODE: 8F S FIELD T FIELD 
1 @ © © 2 4 © WCU UNT-AdR £ 6 FT 
F | a 7 43 0 
OPERAND 
A DPD DR €£€ S 8S 

F 0 

DESCRIPTION 


This instruction exchanges register contents with memory lo- 
cations. ‘ADDRESS' defines the location in memory where 

the register-memory swap is to begin. 'REG T' defines the 
beginning register for the swap. The 'COUNT' is the number 
of locations and registers to be swapped. 

(REG T) THRU (REG T+'COUNT'-1)* <> 

(ADDRESS) THRU (ADDRESS+'COUNT'-1) 


*Modulo 16 


6-230 


52-054614 


EXECUTE MODIFIED INSTRUCTION 


MODES: R 


CONDITION CODE: The condition code is not 
changed by this instruction, 
but it may be changed by the 
execution of the modified 
instruction. 


| 
' 
1 
| 
1 
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EXECUTE MODIFIED INSTRUCTION REGISTER 


MODE 


ASSEMBLER FORMAT 


RR FORMAT 


DESCRIPTION 


EXAMPLE 


XMDI R, 'REG S' 


OP CODE: 9F SLED T FIELD 


er ne 64 1 1R. fern OTe 


The low order byte content of 'REG S' replaces 
the low order byte content ['REG S and 'REG T' 
designator values] of the next [immediate] 

instruction during execution of the immediate 


instruction. 
(PC+1): REG S || REG T + (REG S7_9) 

{ Assume 
XMDI R,4 (R4) = ee 
SHS ELSes 


0 


This instruction sequence effectively executes as: 


SHS LL,8,7 


which provides a mechanism for passing 
"REG S', 'REG T' values as parameters. 


NOTE: Interrupts are inhibited between the XMDI and the next instruction. 
The XMDI instruction must not be used in conjunction with the SEARCH 


instructions. 
thus protecting program re-enterability. 


XMDI does not modify instructions in program storage 
In addition, the XMDI instruc- 


tion should not be single stepped while the system is under mini-panel 
control, as the following instruction will be faithfully executed Mise... 


will not be modified by the XMDI instruction). 


6-232 
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EXCLUSIVE-OR 
| MODES: R, I, D, DX 
| | 
| CONDITION CODE: The condition code for an : 
exclusive-OR operation. is set 


based upon the results appearing 
jn REG: T”. 


(REG T) > 0, CONDITION CODE IS 001 
(REG T) 0, CONDITION CODE IS 0010 
(REG T) < 0, CONDITION CODE is 0100 


Overflow is always zero 
EXCLUSIVE-OR TRUTH TABLE 


BIT. S.BIT T RESULT 


i 


52-054614 
EXCLUSIVE-OR REGISTER 


MODE R 


ASSEMBLER FORMAT KOR Ry “REG 1°, “REG S* 


RR_FORMAT 
OP CODE: 94 S FIELD T FIELD 
Coa dL eo eS ee 
F 8 7 4 
DESCRIPTION 


The contents of 'REG S' are exclusive- 
OR'ed with the contents of 'REG T'. The 
results appear in 'REG T', and the con- 
dition code is set. 


(REG T) ~« (REG T) <XOR> (REG S) 


Set CCR 
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EXCLUSIVE-OR IMMEDIATE 
MODE I 
ASSEMBLER FORMAT XOR I, ‘REG T', ‘DATA’ 


NL_ FORMAT 


E 


G 


T 
0 
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OP CODE: 95 S FIELD T FIELD 
ji 302 (eee tO Oe Ou On ICR 
F Se 4 3 
OPERAND 
F 
DESCRIPTION 


The value entered as 'DATA' is exclusive- 
OR'ed with the contents of 'REG T'. The 
results appear in 'REG T', and the condi- 
tion code is set. The 'S' field is not 
used. 


(REG T) + (REG T) <XOR> DATA 


Set CCR 


1g eS SESS TSS ETE 
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EXCLUSIVE-OR DIRECT 
MODE D 


ASSEMBLER FORMAT XOR D, 'REG T', ‘ADR’ 


NL FORMAT 
OP CODE: 96 S FIELD T FIELD 
tO, SO Oe aS OO ee a ee 
F a 7 4 3 0 
OPERAND 


DESCRIPTION 
The value entered as 'ADDRESS' is 


treated as an address, and the 
contents of that address are 
exclusive-ORed with the contents 
of 'REG T'. The results appear in 
'REG T', and the condition code is 
set. The 'S' field is not used. 


(REG T) «+ (REG T) <XOR> (ADDRESS) 


Set CCR 


6-236 


ae 


-ASSEMBLER FORMAT 


EXCLUSIVE-OR DIRECT INDEXED 
MODE DX 


XOR DX, 'REG T', ‘BASE’, ‘REG S' 


NL_ FORMAT 
OP CODE: 97 S FIELD T FIELD 
See ee 
F So. ae 4 3 
OPERAND 
a ee f- OLD eRe sD 
F 
DESCRIPTION 


52-054614 


The value entered as 'BASE' is treated as a base address and 
the content of 'REG S' is an index taken with respect to that 
address. The content of the address formed by adding 'REG S' 


to "BASE! is exclusive-ORed with the contents of REG TS. 


The results appear in ‘REG T', and the condition code is set. 


(REG T) «+ (REG T) <XOR> (BASE+(REG S)) 


Set CCR 


af 
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APPENDIX A 


SYMBOLIC CONDITION BRANCH ENTRIES 
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BRANCH INSTRUCTIONS WITH SYMBOLIC CONDITION ENTRIES 


The ATAC assembler has the added capability to assemble Branch 
on Condition instructions which specify the branch condition mask by using a 
mnemonic. Typical assembler formats for BRC instructions are shown in the 


— 


following list: 


MODE ASSEMBLER FORMAT 

Register BRC R, 'BC', 'ADRS' 

Immediate BRC ly “BC eR 
or BRCL 'BC', "ADRS" 

Direct BRC D;: "BE*.: “ARS: 

Direct- Indexed BRC DX, 'BC', 'ADRS' 

Short BRC TS, ‘BC’. “ROR 
or BRC PC, 'BC', 'ADRS' 
or BRCS 'BC', ‘ADRS! 


'BC' is any branch condition mnemonic found in the subsequent 
table, and 'ADRS' is any valid address expression. 


A-2 


—— 


Am 


abies 
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“BC! 


Mnemonic 


U 


Table of 'BC' (Branch Condition) Mnemonics 


Description 


Unconditional jump 
Arithmetic 

Positive 

Negative 

Not Positive 

Not Negative 

Not Zero 

Zero 

Overflow 


Logical 
All bits '0' 
Sign bit positive 
Sign bit negative 


Comparison 
Equal 
Not Equal 
Less Than 
Greater Than 
Less Than or Equal 


Greater Than or Equal 


A-3 
(A-4 blank) 
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Condition 
Mask 


_(Hex) _ 


z 
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APPENDIX B 
INSTRUCTION SET SUMMARY 


B-1 
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Instruction 


ADD 
AND 
BAL 
BRC 
CBL 
CINT 
CME 
CMPA 
CMPL 
CMPS 
CMS 
DADD 
DIV 
DSI 
DSUB 
ENI 
FADD 
FDIV 
FIX 
FLT 
FMUL 
FSUB 
HALT 
IBN 
IOR 
LAC 
LDLB 
LDR 
LORM 
LDST 
LDUB 
LLC 
MUL 
NOP 
RET 
RIN 
ROUT 
SCHL 
SCHW 
SHD 
SHS 
SIM 
SMS 
STK 
STR 


ATAC ASSEMBLER INSTRUCTIONS 


= 
fo) 
Qa. 
oO 
n 


»IS,RX,DR 


7 ADODADDADDADAAD 


v 
Oo 


ADDVUVVUDDADADD ADH wD 


LL,RA,RL 
LL,RA,RL 


D,DX 


DR 
D,DX ,RX 
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Function 


Addition 

Logical Product 

Branch and Link 

Branch on Condition 

Compare Between Limits 

Clear Interrupts 

Compare Masked Equality 
Compare Address 

Compare Logical 

Compare Signed 

Clear Memory Semaphore 
Double Precision Addition 
Division 

Disable Interrupts 

Double Precision Subtraction 
Enable Interrupts 

Floating Point Addition 
Floating Point Division 
Convert to Fixed Point 
Convert to Floating Point 
Floating Point Multiplication 
Floating Point Subtraction 
Halt 

Increment and Branch Negative 
Inclusive OR 


Load Arithmetic (2's) Complement 


Load Lower Byte 

Load Register 

Load Multiple 

Load Status 

Load Upper Byte 

Load Logical (1's) Complement 
Multiplication 

No Operation 

Return Multiple Register 
Register Input 

Register Output 

Search Lower Byte 

Search Word 

Shift Double Register 
Shift Single Register 
ATAC Simulator Control 
Set Memory Semaphore 
Stack Multiple Register 
Store 


i me sais siissls ia scsi is ss = 


52-054614 
ATAC ASSEMBLER INSTRUCTIONS (continued) 
Instruction Modes Function 
STRM D,DR Store Multiple 
SUB R,I,D,DX,RX,DR Subtraction 
SWIM R Swap Interrupt Mask 
TRAP Initiate TRAP Interrupt 
XCH R Exchange Registers 
XCHB R Exchange Bytes, Register 
XCHM D Exchange Multiple 
XMDI R Exclusive OR 
XOR R,I,D,DX Execute Modified Instruction 


Exclusive OR 


EE 


es 
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Type 


ARITHMETIC: 


LOGICAL 


COMPARE 


SEARCH 


ATAC ASSEMBLER INSTRUCTIONS: 


Name Modes 


Single Precision, Fixed Point 


ADD R,1,D,DX,IS,RX,DR 
SUB R,1,D,DX,RX,DR 
MUL -R,1I,D,DX 

DIV R 


Double Precision, Fixed Point 


DADD RD 
DSUB R,D 


Floating Point 


FADD R 
FSUB R 
FMUL R 
FDIV R 
FLT I 
FIX I 


AND RelesD 
IOR R,1I,D 
XOR Regal 
CMPS Re lady 
CMPA R00, 
CBL R,D,DX 
CME Rel 
CMPL R,l 


SCHL AL ,BL 
SCHW A 


DATA TRANSFER: Single Words 


LDR R,I 
LAC R,I 
LLC Rel 
STR D,D 
XCH R 


DATA TRANSFER: Bytes 


LOLB R,1,D,DX 
LDUB R,1,D,DX 
XCHB R 


B-4 


Grouped by Operation 


Function 


Addition 
Subtraction 
Multiplication 
Division 


Addition 
Subtraction 


Addition 

Subtraction 
Multiplication 

Division 

Convert to Floating Point 
Convert to Fixed Point 


Logical Product 
Inclusive OR 
Exclusive OR 


Compare Signed 

Compare Address (Unsigned) 
Compare Between Limits 
Compare Masked Equality 
Compare Logical ; 


Search Lower Byte 
Search Word 


Load Register 


Load Arithmetic (2's) Complement 
Load Logical (1's) Complement 


Store Register 
Exchange Registers 


load Lower Byte 
Load Upper Byte 
Exchange Bytes 


| 
| 
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ATAC ASSEMBLER INSTRUCTIONS: Grouped by Operation (Continued) 
Type Name Modes Function 


DATA TRANSFER: Multiple Words / Non-Stack 


LDRM D,DR Load Multiple 
STRM D,DR Store Multiple 
XCHM D 


DATA TRANSFER: Multiple Words / Stack 


Exchange Multiple 


STK DR Stack Multiple Registers 

RET DR Return Multiple Registers 
BRANCH BRC R,1I,D,DX ,PC Branch on Condition 

BAL R,1,D,DX Branch and Link 

IBN R,1I,D,DX Increment and Branch Negative 
SHIFT SHS LL,RA,RL Shift Single Register 

SHD LL RA RL Shift Double Register 
1/0 RIN Register Input 

ROUT Register Output 
INTERRUPT ENI Enable Interrupts 

DSI Disable Interrupts 

CINT R Clear Interrupts 

SWIM R Swap Interrupt Mask 

TRAP Initiate TRAP Interrupt 

LDST D,DX Load Status 
SEMAPHORE SMS D DX Set Memory Semaphore 

CMS D,DX Clear Memory Semaphore 
MISCELLANEOUS 

XMDI R Execute Modified Instruction 

HALT Halt ATAC 

NOP No Operation 

SIM 


ATAC Simulator Control 


52-054614 


ATAC-16M INSTRUCTION OP CODE MAP , 36 CD et bis, 


| gering IEP (24 xed 
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MOST SIGNIFICANT 4 BITS OF OP CODE 


] ApD | ADD | ADDL] Lac 0 
| Is RX R 

1 

2 
» 
] 3 L 
, E 

A 
4 S 
i cong 
s 
| | 
| & &¢ 
} N 
| 1 
H F 
| 6 | 
| Cc 
) A 
] N 
f AD AE 
| 
{ 4 
| SHD B 
| RL ai 
' mn : s 
j BADD] SC (Spare) 5 
dD Vv Oo 
| tet F 
| bSUB (Spare) a oO 
is 9 
{ 
{ c 
| (Spare) B fo] 
{ D 
{ E 
| (Spare) c 
| (Spare) D 
| 
1 E 
OR 

| XCHM| XMDI F 
] : Db R 
} 7611 4845 401 


ATAC-16M Instruction Op Code Map 
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APPENDIX C ; 
ATAC-16M INSTRUCTION EXECUTION TIMES 


This appendix presents instruction timing examples for the 
three different memory configurations shown in the table starting on page C-2. 
The PMU-16, RAM-16 and MRU-8 memories are standard ATAC products. Further 


information on these memories may be obtained by requesting the relevant 
publications: 


Product Publication Number 
PMU-16 DS-242 

RAM-16 52-056127 
MRU-8 DS-243 


The core memory parameters used here represent those available in a typical, 
full-military-temperature-range core memory. 


C-1 
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PLES TA LATE TL AT LIT TTL TATED EI POP TS ADT EY 


/ 
/ TIMING INFORMATION 
/ CONFIGURATIONS IS 


FR 

SHOWN [ 

Cli INSTRUCTICN 
OATA 


MEMORY 

MEMORY 

C2: INSTRUCTION 
DATA 


MEMORY 
MEMORY 


C32 INSTRUCTION 


XN ATA 


MEMORY 
McMORY 


THE TERMS *KIEIRC*, "KIWC ® 


a 
me) 


SWS SS NSS SNR HSN RRS 
Cc 
oe 


BASIC CYCLE TIME 
KEIRC DELAY TIME 
KIWC DELAY TIME 
/ 


BCT 
KIRCOL 
KIWCOL 


SUNS TR UCT EON M 
/ 


READ REQUEST DELAY I™RDLY 
READ ACCESS TIME IMRACC 
RFAD CYCLE TIME IMRCYC 
/ : 

OR FX me MY By x 
/ 

READ REQUEST DELAY DMRDLY 
READ ACCESS TIME IMRACC 
READ CYCLE TIME IMRCYC 
/ 

WRITE REQUEST DELAY 9MWOLYy 
WRITE RELEASE TIME OMWRLS 
WRITE CYCLE TIME 


DMWCYC 


THREE TYPICAL MEMORY 
N THE THREE COLUMNS BELOW. 
= PMU-16 
= RAM-16 
= PMU-16 
= MRU-8 -- ISOLATED Access 
W/9 CONTENTION 
e CURE. <2 FULL 
= CORE MILITARY 
TEMPERATURE RANGE 
AND "MAK USED BELOW ARF 


“wow ou 


“ou ow 


WoW. i 


OEFINED IN THE MEMIRY INTERFACE FIGURES 1=1 AN) I=2. 


a aes ease ke 


250 250 250 NS 
T 7 TNS (CYCLE 
To 70 TONS (CYCLE 


) 0) 63 NS (CYCLE 
I25 125 350 NS (KIPC 
125° 125 990 NS (KIRC 

0) 9) 63 NS (CYCLE 
125° 470 350 NS (KIFC 
125 470 900 NS (KIRC 

0 0) 63 NS (CYCLE 

75 470 350 NS  (KIWC 
75 470 900 NS (KIWC 
C-2 


START TO KIPC) 
START TO KIWC) 


START TO KIRC) 
TO MAK ) 
TO MEM.FREE) 


START TD KIRC) 
TO MAK ) 
TO MEM.FREE) 


START TO KIwWC) 
TQ MAK ) 
TU MEM.FREE) 


i 
} 
i 
4 
i 
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COLNE EORTC cn CET Pe 


/ C1: PMU-16 RAM-16 C2: PMU-16 MRU-8 C33 COFPRF CORE 
/ 
/ ATAC-16M INSTRUCTION TIMING ANALYSIS PROGRAM 
/ 
INSTR Z E S.C. Ro. (PS TS GEN CC-MD OPCD EXECUTION TIME IN USEC 
aang eee ee a a ee oe er a mom Rowen meee ----C 1 ------C2------C3-- 


IITULIII TIT TT TTT ATALALTT ATLL TELS 
USP COL E NOTES 


CCR MASK 

SOURCE REGISTER 
DESTINATION REGISTER 
RX MODE REGISTER 

ANY HEX NUMBER 
LITERAL 

(SIGN EXTENDED BYTE) 
HEX NUMRER SHOWN 
DON'T CARE 
(ASSEMBLES 4S 90) 


x 
totouahuou 


“uo 


ALL Iy,D & DX MODES ARE 2-WORD 
INSTRUCTIONS 


A MODE DESIGNATION OF #--!8 
INDICATES "NO MNOE® 


'** BEFORE THE MODE DESIGNATION 
MEANS THE CCR IS SET 


SSN ON eS NS Re SS EEN ESN 


C-3 


ERTIES TET 
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LUIS aitimal Mas snsserl) Nice gio Pain ciel Woe sisic ois? Nassicaedtn 


eoce ce etIMe wwe 


/ Cl? PMU-16 RAM-16 C2: PMU-15 MRU-8 C3: CORE CORE 
/ 

/ ATAC-L6M INSTRUCTION TIMING ANALYSIS PkOGRAY 

/ 

INSTR OE Se eRe T> fe ODN CC MD JPCD EXECUTION TIME IN VSEC 
SS ci om a SS Ro -- ---- ---- Cl ------C2------ C3-- 
SLMTALAL ED OLA T ATTA T LPI LTFITA PET 
/ 

A ORR LT TP He MEE Th 1 ¢ 
/ SINGLE PRECISION, FIXED PUINT 
/ 


ADD ADDITION 
ADD ADDITION 
AD) ADOITTION 


R 80ST 92250 06250 9.90) 
I 81XT 02500 0.500 1.809 
D 32XT 0.750 L.063 2079 


HAH HH HH 
o 
<< 


ADD ADCITION 83ST 9.750 1.063 2709 
ADD ADOIT ION IS 6LLT 1.250 Je 250 0.999 
ADD ADOITION RX 7RST 9.750 1.063 22950 
ADD ANDNITION DR BEST 92750 1.063 22950 
/ 
SUB SUBTRACTION * R 84ST e250 0.250 Je900 
SUB SUBTRACTION * [Tp BST 0.500 0.5900 1.390 
SUB SUSTRACTICN * 1) 86XT 0.2750 1.063 2-700 
SUB SUBTRACTICN * DX 37ST 0.750 1.063 22790 
SUB SUBTRACTION * RX 3RST 9.750 1.063 2295) 
SUB SUBTRACTIUN * DR FAST 9.750 1.063 22050 
MUL MULTIPLICATION MR CEST 5.500 5e 500 52590 
MUL MULTIPLICATION * Tt COXT 5.759 5-750 624 )0 
MUL MULTIPLICATION * D. CEXT 6.000 62.313 72309 
MUL MULTIPLICATION * OX CFST 62000 6. 313 Te 390 
/ 
DIV DIVISION * R  FCST 11.250 11.250 11.259 
J 
S ART THMETIC 
/ DOURLE PRECISION, FIXED POINT 
/ 
DADD OOUBLE PRECISION ADv * R ABST 0.750 0.750 1.400 
DADD DOUBLE PRECISION ADD * D AIXT 1.250 1.875 3-850 
/ 
DSUB SOUBLE PRECISION SUBTRACT * R AAST Je750 0.750 1.400 
DSJUB DOUBLE PRECISION SUBTRACT * D ABXT 1.259 1.875 30859 
C-4 
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CEPI TLST ae iso UMe a aiuie Mase oI, 4 .oais 61 M o.0< 00.20 Mnsee ol oddaIMecscecDMoe 
/ Cl: PMU-16 RAM=16 C2: PMU-16 MRU-8 C3: CORE CGPRE 


/ 
/ ATAC-16M INSTRUCTION TIMING ANALYSIS PROGRAM 
/ 


INSTR DE SSC GR oP Wa SOiEN CC MD DOPCD EXECUTION TIME IN USEC 
Meme ss See ae [aaa & oS oo === Ci-=---= C2------C3-- 
TITTLITTITISTTATIT TATA 
/ 

/ ARTTHMETIC 

/ FLOATING POINT 

/ 

7A # OF PRE=-ADOD ALIGN SHIFTS 

7P # OF POST-ADP NORM SHIFTS 

/ ASSUME NEITHER OPERAND = 0 

/FADD: 

/ EC = NA 
NA 


“it 


NP 
13 + A 
14 + A 


(T) >= (S)* 
(T) < (5)* 


EXPONEN 
3 
6 
7 + 3P 


NP 


COMPARISON 
RESULT = 9 
MANT OVFLOW 
OTHERWISE 


ot th wb em he 


Se 08 60 86 —4 os se 


FSUB: NA 13 + A BOTH CASES 


~~~ NNN NON ON 


CASF: A= ly P =O 
FADD FLOATING POINT ADD * R E4ST 52750 52750 6400 
FSUB FLOATING POINT SUB * R ESST 5-500 5.500 62150 


FMUL FLOATING POINT MULTIPLY * R F2ST 16.9000 16.000 16.650 
FOTV FLOATING POINT DIVIDE * R F3ST 28.500 28.590 29.150 


/N = # OF SHIFTS 
EC = 3N + 8B 


FLT FLOATING POINT FLOAT NEL * IT E6S7 32250 3.25) 42559 
FLT FLOATING PNINT FLOAT N=2 * | E6ST 4.000 4.900 52300 
-FLT FLOATING POINT FLOAT N=3 * T E6ST 4.750 4.750 6.050 


FLT FLOATING POINT FLOAT N=39 * IT E6ST 25.000 25.000 26.399 


JN = # CF SHIFTS 
FC = 2N + 8&3 


FIX FLOATING POINT FIX Nel CEES: 3.900 32090 4.300 
FIX FLOATING POINT FIX N=2 ey SEIS: 3.500 3.500 4. 800 
FIX FLOATING POINT FIX N=3 ole EST 4.900 4.990 5-300 


FIX FLOATING POINT FIX N=39 * T E7ST 17.500 17.590 18.800 


C-5 
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FINA TLALES a 60g EM one's wg DMS 5 Tone. c ee Pre 2 OT 


CORE 


9.99) 
1.80) 
2-700 
2.700 


0.990 
1.3800 
2.790 
227900 


Je 900 
1.809) 
2.790 
2.700 


0.900 
1.8990 
2.790 
2-700 
0.900 


1.400 
22300 
32200 
32200 


1.490 
3-859 
3-850 


1.900 
4.359 
4.2350 


1.409 
22309 
3-200 
32200 


1.490 
22300 


/ CL? PMU-L6 RAM-16 C2: PMU-16 MRU-8 C3: CORE 
/ 

/ ATAC-1L6M INSTRUCTION TIMING ANALYSIS PROGRAM 

/ 

INSTR De SCR PP 7 7 Oe CC MD OPCD EXECUTION TIME IN USEC 
aI STR RR me ye cet ne Ro <= -s<= ---- Cl------ C2-=- 
TUTITTTTTTTTTITITTTTTTL OLAS TAA 
/ 

OBO PG. Ak GRO UP 
/ 

AND LOGICAL PRODUCT * Ro AOST 0.250 02250 

AND LOGICAL PRODUCT * IT ALXT 0.590 Oe 590 

ANDO LOGICAL PRODUCT * D A2XT 9.750 1.063 

AND LOGICAL °RODUCT * DX A3ST 0.750 1.963 
/ 

TOR INCLUSIVE OR * Ro A4ST 0.250 9-250 

TOR INCLUSIVE 9OR * [ ASXT 0-500 0.500 

TOR INCLUSIVE OR * 1) AG6XT 0-750 1.963 

IOR == INCLUSIVE OR * DX ATST 0.750 1.063 
/ 

XOR EXCLUSIVE OR * Ro 94ST 0.250 0. 250 

XOR FXCLUSIVE OR * T 95XT 0.500 0.500 

XOR EXCLUSIVE OR * D Y6XT 0.750 1.063 

XOR EXCLUSIVE OR * DX 97ST 9.750 L.963 
/ 

/ COMPARE GROuUpP 
/ 

CMPS COMPARE SIGNED * R  F4ST 0.250 0.250 

CMPS COMPARE SIGNED * [T F5SXT 0.590 0.500 

CMPS COMPARE SIGNED * 0 F6XT 0.750 1.063 

CMPS COMPARE SIGNED * DX FIST 0.750 1.963 

CMPS COMPARE SIGNF) * IS 2iLtT 0.250 02250 
/ 

CMPA COMPARE AUDRESS (UNSIGNED) * R- BOST 02750 0.750 

CMPA COMPARE ADDRESS (UNSIGNED) * IT BLXT 1.000 1.000 

CMPA COMPARE ADDRESS (UNSIGNED) * D B2xT 1.250 1.563 

CMPA COMPARE ADDRESS (UNSIGNED) * DX B3ST 1.250 1.563 
/ 

/BELOW: 

CBL COMPARE BETWEEN LIMITS * R 88ST 0.750 0.750 

CBL COMPARE BETWEEN LIMITS * 0 BAXT 1.250 1.875 

CBL COMPARE BETWEEN LIMITS * DX 8BST 1.250 1.875 
/MATCH OR ABOVE: 

CBL COMPARE BETWEEN LIMITS * R 88ST 1.250 1.250 

CBL COMPARE BETWEEN LIMITS * D BAXT 1.750 2.375 

CBL COMPARE RETWEEN LIMITS * DX 8BST 1.750 20375 
/ 

CME COMPARE MASKED EQUALITY * Ro JOST 0.750 0.750 

CME COMPARE MASKED EQUALITY * T OLXT 1.000 1.909 

CME COMPARE MASKED EQUALITY * ) D2XT 1.250 1. 563 

CME COMPARE MASKED EQUALITY * DX D3ST 1.250 1.563 
/ 

CMPL) COMPARE LUGICAL * KR 9OST 0.759 92750 

CMPL COMPARE LOGICAL * IT QEXT 1.000 1.009 

C-6 
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CAEP EEIEIS Tawa og \ New eens apa oe eae Ns + 64 waa O61 6 666 CIMG da oo OMe wee 


~~nN NN 


INSTR 


—— ee eee 


Cl: PMU-L6 RAM-16 C2: PMU-16 


MRU-8 


C3: 


CORE 


ATAC-16M INSTRUCTION TIMING ANALYSIS PROGRAM 


DE S € OR FT PF Cb SGN CC Mid) OPCD 


a ee ee eee mee ee a ee ee ee ie ee ee 


A 


/ SEARCH GROUP 


/W = MAX # WORDS INSPECTED = 1 


/W TRUNCATED QUOTIENT 
/ CIT+N-LI/N 
/ WHERE N = 2-ND WORD OF INSTR 
/ IT = -(REG T) INITIAL 
OF = WwW EC = 5wt4s 
SCHL SEARCH LOWER BYTE ABOVE LIM 
SCHL SEARCH LOWER. BYTE BELOW LIM 
DF = W EC = 3W+4: 
SCHW SEARCH WORD ABOVE LIMIT 
SCHW SFAPCH WORD BELOW LIMIT 


/W = MAX # WORDS INSPECTED = 32 


SCHL 
SCHL 
SCHW 
SCH W 


SEARCH LOWFR BYTE ABOVE LIM 
SEARCH LOWER BYTE BELOW LIM 
SEARCH WORD ABOVE LIMIT 
SEARCH WORD BELOW LIMIT 


/W = MAX # WORDS INSPECTED = 64 


SCHL 
SCHL 
SCHW 
SCHW 


SEARCH LOWER BYTE ABOVE LIM 
SEARCH LOWER BYTE BELOW LIM 


SEARCH WGRD ABOVE LIMIT 
SEARCH WORD BELOW LIMIT 


C-7 


OBST 
BSST 


BBST 
BOOST 


OBST 
BSST 
BBST 
BIST 


DBST 
BST 
BBST 
B9ST 


CORE 


EXECUTION TIME IN USEC 


2.750 
2.750 


22250 
2-250 


49250 
49.250 
33.250 
332250 


97.250 
97.250 
652250 
652250 


3-063 
3.063 


2.563 
2.563 


59.250 
59.250 
43.2259 
43.2250 


117.259 
LL7.250 
85.250 
35.250 


4.050 
4.050 


3.559 
3.550 


70.700 
70.700 
54.700 
54.700 


139.509 
139.500 
107.500 
107.500 


—————— 


: 
I 
i 
i 
f 
f 
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PLLESIATAAS wasn el Mewes a4 MeaecaT ms eT Mec ce cee ccc ecccelMeccccellM 


e@eeoe50e 


a Cli PMU-16 RAM-16 C2: PMU-L6 MRU-8 C3: CORE CGRE 
/ 

/ ATAC-16M INSTRUCTION TIMING ANALYSIS PROGRAM 

/ 

INSTR Cf S.C R FRY PON CC MJ OPCD EXECUTION TIME IN USEC 
Se ae Re oe See ee Roam waew ewan C] meen ma(Jenanonnt 555 
TITVTTTTITTTTTTTTAITTTT TATA 
/ 

4 OATA TRANSFER 
/ SINGLF WORDS 
/ 

LDR LOAD REGISTER (S)=>(1) * R  EOST 02250 0.250 e990 

LDR LOAD REGISTER *)ATA*=>(T) * 1 ERXT 0-500 0.500 1.890 

LOR LOAD REGISTER (ADOR)=>(T) * 9 E2XT 0.750 1.63 20700 

LDR LOAD REG (BASE+(S))=>(T) * OX E3ST 9.750 1.063 2-700 

LOR LOAD REGISTER '"LIT*t=>(T) * IS 4ttT 0.250 Ue 250 0-900 

LOR - LOAD REG ((RI#0S) )=5(T) * RX SRST 0.750 1.063 20959 
/ . : 

LAC LOAD ARITHMETIC COMPLEMENT * R 90ST 02250 Ue250 Je909 

LAC LOAD ARITHMETIC COMPLEMENT * [ 91XT 9.500 0.500 1. 800 

LAC LOAD ARITHMETIC CCMPLEMENT * 0 92XT J.750 1.063 227900 

LAC LOAD ARITHMETIC COMPLEMENT * DX 93ST 0. 750 1.063 22790 
/ 

LLC LOAD LOGICAL COMPLEMENT * R B4ST 0.250 0.259 92909 

LLC LOAD LOGICAL COMPLEMENT * T BSXT 0-500 0.500 1.800 

LLC LOAN LOGICAL COMPLEMENT * D B6XT 0.750 1.963 2.700 

LLC LOAD LOGICAL COMPLEMENT * DX BIST 0.750 1.063 2700 
/ 

STR STORE REGISTER (T)=>(ADOR) D 9COT 1.000 1.375 22950 

STR STCRE REG (T)=>(BASE4(S)) OX 9BST 1.900 1.375 22959 

STR STORE REG (T)=>((R)4(5S)) RX LRST 1.000 1.375 2.309 
/ 

XCH EXCHANGE REGISTERS * R DFST 1.000 1.000 1.650 
/ 

/ DATA TRANSFER 
/ BYTES 
/ 

LOLA LOAD LOWER BYTE * R C4ST 0.500 0.500 1.159. 

LOLB LOAD LOWFR BYTE * IT C5XT 9.750 0. 750 2-050 

LOLB LOAD LOWER BYTE * D0 C6XT 1.000 L. 313 22950 

LOLB LOAD LOWER BYTE * DX C7ST 1.000 1.313 22950 
/ 

LDUB LOAD UPPER BYTE * R D4ST 0.750 0. 750 1.490 

LDUB LOAD UPPER BYTE * [ O5XT 1.250 1.250 22550 

LOUB LOAD UPPER BYTE * D OD6XT 1.590 1.313 30450 

LOUB LOAD UPPER BYTF * DX OTST 1.500 1. 313 Be 450 
/ 

XCHB EXCHANGE BYTES, REGISTER * R BOST 0.500 0.500 1.150 

C-8 
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SUTIVITTT Thee ceiMacccceDMoevelccccelMeccccsDMaccc/ecccelMeccceclMe vee 


PMU-16 


MRU-8 


C3: 


CORE 


ATAC-16M INSTRUCTION TIMING ANALYSIS PROGRAM 


/ Cl: PMU-16 RAM-16 C2: 
/ 
/ 
/ 

INSTR DES EGe RE is PRs ole SON 
PIVLTTTATALATALAATTATTALAEPTALAPLY 
/ 

% “OAT A TRANS FER 

/ MULTIPLE WORDS / NON=STACK 
/ 

JDF = Nels 

LORM LOAD REG MULTIPLE (1 REG) 

LORM LOAD REG MULTIPLE (2 REGS) 

LORM LOAD REG MULTIPLE (3 REGS) 

evce (N#l REGS) 

LORM LOAD REG MULTIPLE(1L6 RFGS) 
/OF = N13 

LORM LOAD REG MULTIPLE (L REG) 

LORM LOAD REG MULTIPLE (2 REGS) 

LORM LOAD REG MULTIPLE (3 REGS) 

coon (Nt1 RESS) 

LDORM LOAD REG MULTIPLE(L6 REGS) 
/ 

/OW = N#L2 

STRM STORE REG MULTIPLE (1 REG) 

STRM STORE REG MULTIPLE (2 REGS) 

STRM STORE REG MULTIPLE (3 REGS) 

cscs (N+1 REGS) 

STRM STORE REG MULTIPLF(16 REGS) 
/OW = Nels 

STRM STORE REG MULTIPLE (1 REG) 

STRM STORE REG MULTIPLE (2 REGS) 

ST8M STORE REG MULTIPLE (3 REGS) 

coon (N+#l REGS) 

STRM STORE REG MULTIPLE(16 REGS) 
/ 

/OF = Nel Dw = Nel EC = N#2: 

XCHM EXCHANGE MULT (LREG<=>LLOC) 

XCHM EXCHANGE MULT (2REG<=>2L0C) 

XCHM EXCHANGE “AULT (3REG<=>3L0C) 

even (N#1 REGS <=> N4#l LOCS) 

XCHM EXCHANGE MULT ( 16 <=> 16 ) 


C-9 


OCo00 9 


ue M) OPCD 


1.250 
1.500 
1.750 


5.000 
1.250 
1.500 
1.750 
1.400 
1.000 
1.250 
1.500 
4.2750 
1.000 
1.250 
1.500 
421750 
1.500 
22259 
32000 


12.750 


1.563 
2.125 
22683 


10.000 
1. 563 
2125 
2.688 
1.909 
1.375 
2.990 
22625 

10.750 
1.375 
2-900 
2.625 

10.750 
2.188 
32625 
5.063 


234750 


CORE 


EXECUTION TIME IN JSEC 


3.200 
4.100 
5-900 


16.700 
2.550 
32459 
4.350 
3.999 
22950 
3-850 
4-750 

16.450 
2263099 
3.200 
4.100 

15.899 
42100 
6.150 
8.200 


34-850 
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CPE EECCA aia eraee LM Seeretgneia) Matas Isis a cra M cv piace D Worcs) nu od Meda, 


CORE 


CORE 


EXECUTION TIME IN USEC 


1.625 
2.259 
22875 


11.900 
1.563 


22125 
226688 


/ Cl: PMU-16 RAM-16 C2: PMU-16 MRU-8 C3: 
/ 
/ ATAC-16M INSTRUCTION TIMING ANALYSIS PROGRAM 
/ 
INSTR Bere oe COR fe Pte ay ty CC MD OPCD 
22 SS Sele ee oh Oe R -- ---- ---- Ci--- 
TITTIVTITILTTITATITIDTTAT ATI 
/ : 
4‘ OATA TRANS FER 
/ MULTIPLE WORDS / STACK 
/ 
/OW = N#l: 
STK STACK MULTIPLE REG (1 REG) DR 8DOT 1.250 
STK STACK MULTIPLE REG (2 REGS) DR 8D01T 1.500 
STK STACK MULTIPLE REG (3 REGS) DR BD2T 1.750 
a0 (N#l REGS) DR 8DNT 
STK STACK MULTIPLE REG(16 REGS) OR 8DFT 5-000 
/ 
/OF = N#L3 
RET RETURN MULTIPLE REG(L REG) DR B8EOT 1.250 
RET RETURN MULTIPLE RFG(2 RE3S) OR BELT 1.500 
RET RETURN MULTIPLE REG(3 REGS) DR BE2T 1.750 
eee (N+l REGS) OR BENT 
RET RETURN MULTIPLE REG(1LSRE3S) DR 8FFT 1.400 


1.900 


2.559 
32450 
4.2359 


10-050 
22550 
32.450 


4035) 


32990 


' 
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PITTI LawcceIMecccceD Me ce cl ccc cel lMcccc ce DM cc elecccelMeccveeD Meson 


/ Cl: PMU-16 RAM-1L6 C2: PMJ-1L6 MRU-8 C32: CORE CORE 
/ 

/ ATAC-16™M INSTRUCTIUN TIMING ANALYSIS PROGRAM 

/ 

INSTR Dick. “SS CARICA P ieela LEN CC MD OPCDO EXECUTION TIME IN USEC 
ra ee a re Rots se = -==- CO l=— === C2>-=-==C3-— 
VIISIIIIATTAS ATTA TAIT AAT AAAI TAS 
/ 

/ BRANCH GRUP 
/ 
/ BRANCH: 


BRC BRANCH GN CONDJITION-(S) R  BFSM 0.750 0.750 2-059 

BRC BRANCH ON CONDITION-ADNOR I C1lLXxM 1.000 1.000 22950 

BRC BRANCH ON CONDITION-( ADDR) D0 C2XM 1.259 1.563 32859 

BRC BRANCH ON COND-((S)+BASE) OX C3SM 1.250 1.563 3.850 

BRC RRANCH ON COND-(PC) +LL +2 IS JLLM 1.000 1.900 2-300 
NO BRANCH: 


BRC BRANCH ON CONOITION-(S) R BFSM 9.750 0.750 1.400 
BRC BRANCH ON CONDI TION-AD0R tT CLXM 1.000 1.900 2.390 
BRC BRANCH ON CONDITIGN-( ADDR) Oo C2XM 1.250 1.563 3.200 
BRC BRANCH ON COND=-((S)+BASE) DX C3SM 1.250 1.563 3.200 
BRC BRANCH ON COND-(PC) #tLL+2 1S OLLM 0.500 0.500 1.159 
fhe 
BAL BRANCH AND LINK R ECST 1.000 1.900 2.300 
BAL BRANCH AND LINK I EOXT 1.250 1.250 32200 
BAL BRANCH AND LINK D EEXT 1.500 1.813 4.100 
BAL BRANCH AND LINK OX EFST 1.500 1.813 4.100 
/ 
/ BRANCH 3 
IBN INCREMENT & BRANCH NEGATIVE * R C8ST 1.000 1.090 2-300 
IBN INCREMENT & BRANCH NEGATIVE * IT COXT 1.250 1.250 3.2200 
I8N INCREMENT & BRANCH NEGATIVE * D CAXT 1.500 1.813 42100 
[BN INCREMENT & BRANCH NEGATIVE * DX CBST 1.500 1.813 4-100 
JNO BRANCH? 
IBN INCREMENT & 3RANCH NFSGATIVE * R- C8ST 0.750 0.750 22050 
IRN INCREMENT Af BRANCH NEGATIVE * FT C9OXT 1.250 1.250 2-559 
IBN INCREMENT & BRANCH NEGATIVE * D CAXT 1.500 1.313 3.450 
IBN INCREMENT & BRANCH NEGATIVE *® DX CBST 1.500 1.813 30450 
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fe Se PRT G 
/ 


/N=03 


SHS 
SHS 
SHS 


SHD 


SHD 
SHD 
/N = 13 
SHS 
SHS 


/N=153 
SHS 
SHS 
SHS 
SHD 
SHD 
SHD 


(SHIFT 


RAM=-16 


wile es se: Miss e's cert) Mieicece 
PMU-16 


C2: 


MRU- 


8B C33 


ATAC-16M INSTRUCTICN TIMING ANALYSIS PROGRAY 


i ta te a es ES ai eek ne 


(SHIFT 1) 


FC = Nt2: 
SHTFT SINGLE 
SHIFT SINGLE 
SHIFT SINGLE 
EC = N+¢53 
SHIFT DOUBLE 


EC = N+é; 
SHIFT DOUBLE 
SHIFT DOUBLE 
(SHIFT 2) 
SHIFT SINGLE 
SHIFT SINGLE 
SHIFT SINGLE 
SHIFT DOUBLE 
SHIFT DOUBLE 
SHIFT DOUBLE 
(SHIFT 3) 
SHIFT SINGLE 
SHIFT SINGLE 
SHIFT SINGLE 
SHIFT OOUBLE 
SHIFT OOUBLE 
SHIFT 9OUBLE 
16) 
SINGLE 
SINGLE 
SINGLE 
DOUBLE 
DOUBLE 
DOUBLE 


SHIFT 
SHIFT 
SHIT FT 
SHIFT 
SHTFT 
SHIFT 


BO Ue 


REGISTER 
REGISTER 
REGISTER 


REGISTER 


REGISTER 
REGISTER 


REGISTER 
REGISTER 
REGISTER 
REGISTER 
REGISTER 
REGISTER 


REGISTER 
REGISTER 
REGISTER 
REGISTER 
REGISTER 
REGISTER 


REGISTER 
REGISTER 
REGISTER 
REGISTER 
REGISTER 
REGISTER 


He HK HH HK He % 


HAH HH tt 


HH HH RH 


AEOT 
ADOT 
ACOT 


F80T 


E8OT 
D80T 


AELT 
ADIT 
ACLT 
F8LT 
EB8LT 
D8LT 


AE2T 
AD2T 
AC2T 
F82T 
F82T 
282T 


AEFT 
ADFT 
ACFT 
FBFT 
E8FT 
D8FT 


EXECUTIIN 
~---(C] --- 


9.750 
0.750 
0750 


1.250 


1.500 
1.500 


1.000 
1.000 
1.000 
1.500 


1.750, 


1.750 


1.250 
1.250 
1.250 
1.750 
2-000 
2.000 


4.750 
4.759 
4.750 
52250 
5.500 
52500 


BOE SO Re | ee 


CORE CORE 
TEME IN USEC 

---(2------ C3-- 
0.750 1.400 
0.750 1.490 
0.750 1.400 
16250 1.250 
1.500 1.500 
1.500 1.506 
LeGR0)) tegen 
1.000 42659 
12.000. Vypeea 
E2500 1.500 
1.750 1.750 
1780. 1,756 
1.250 1.900 
1-250 1.909 
16250 31.990 
1.750 1,750 
2.000 2.999 
2.000 2.900 
40750 5.490 
4.750 5.409 
4.750 5.400 
50250 5.259 
5.500 5.500 
5.500 5.5y9 
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/ Cli PMU-16 RAM=16 C2: PMU-16 MRU-8 C3: CORE CORE 
/ 

/ ATAC-16™ INSTRUCTION TIMING ANALYSIS PROGRAM 

/ 

Ae Tk DE : CR FT Pt ob Sen CC MO OPCD EXECUTION TIME IN USEC 
wt tr rn te rn ee ee Riss sae) eS che = =C2-=--==C3—— 
DITIVILIILIATALTALIATL LATA ALTAT A 
/ 

a WAG, GROUP 
/ 
-RIN REGISTER INPUT * -- 8CST 1.500 1.500 2-150 

ROUT REGISTER OUTPUT * =-- DIST 2-000 22900 2-650 
/ 
port (ECR RU PLT COON TOR Oe 
/ 

ENI ENABLE INTERRUPTS -- AFOX 0.750 9. 750 1.490 

NS] DISABLE INTERRUPTS -- AFFX 0.750 0.750 1.499 

CINT .CLEAR INTERRUPTS R 89SX 0.500 0.500 12150 

“SWIM SWAP INTERRUPT MASK R Q9AST ~- 1.2000 1.000 1.659 
/ 

TENT INTERRUPT ENTRY W/C INSTR 89 == ---- 32250 4.313 72150 

LATENCY ~-- THIS IS NOT AN 
INSTRUCTION. 

TRAP INITIATE TRAP INTERRUPT NN -~- FFNN 2.750 32313 6-65) 
/ 

LDST LOAD STATUS * D GIXXK 2-000 22625 52259 

LOST LOAD STATUS * OX 98SX 2-000 22625 52250 
/ 

/SEMAPHORE CONTROL 

/ 

JNO CAPTURE (MIN)3 

* SMS SET MEMORY SEMAPHORE * D COXT 1.500 1.813 36459 

SMS SET MEMORY SEMAPHORE * OX FLST 1.500 1.313 3450 
/NO CAPTURE (MAX): 

SMS SET MEMORY SEMAPHORE * D COXT 22250 3.188 52590 

SMS SET MEMORY SEMAPHORE * OX FLST 2.250 3.188 52599 
/CAPTURE = 

SMS SET MEMORY SEMAPHORE * 17) COXT 22250 36259 52509 

SMS SET MEMORY SEMAPHORE * OX FLST 2.250 3.259 52509 
/ 

CMS CLR MEMORY SEMAPHERE D BAXT 1.250 1.938 32859 

CMS CLR MEMORY SEMAPHORE DX DAST 1.250 1.9338 3.2850 
/ 

Peppers ke tt ALR Bae 
/ 

XMOT EXECUTE MUDIFIED INSTR. Kk 9FSX 0.590 2.590 1.150 

HALT HALT ~- F030 22900 2-900 22650 

NOP NO OPERATION -- 9XXO 90.500 9.509 1.150 

SIM STMULATOR CONTROL -~- FEXN 2590 0-500 1.800 


SIM IS 2 WORD INSTR 
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SYMBOLS, NOTATION, AND ABBREVIATIONS 
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SYMBOLS, NOTATION, ABBREVIATIONS 


Throughout this document, certain symbols, abbreviations and 
notations are used to specify ATAC operations. These conventions are summar- 


ized below: 


Symbology 
(Item) 


'Item' 


(Item A)|| (Item B) 


Operator 


+ 


Definition 


Contents of Item (the value of Item is an address or a 
register) 


Value of Item 


Contents of Item A concatenated with (connected to) the 
contents of Item B 


Operators such as Logical AND are signified in brackets 
Addition 


Subtraction 


Multiplication 


Division 

Logical AND operator 
Inclusive OR operator 
Exclusive OR operator 
Value assignment 

Less than 

Equal to 


Greater than 
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Terminology 
ATAC 


Memory Word 


Field 
Operand 
Op Code 


Modulus (Modulo) 


Register File 


Register 


Program Memory 
Address 

Base Address 
Index Register 


Cycle 


Indirect Address 
Program Counter Register 


Branch 


52-054614 


Applied Technology Advanced Computer 


A 16-bit segment of ATAC program memory (bits in 


the word are numbered right to left, 0 to 15) 
A group of 1 to 16 bits within a word 
A data quantity used in a computation step 


A 4 or 8 bit quantity which specified the in- 
struction to be executed 


om >» Where nis the number of bits in the 
field of interest; 2-1 is the largest number 
expressable in the field 


Sixteen general purpose registers, each 16 bits 
long 


One of 16 general registers in the register 
file; all registers can be used as index regis- 
ters or accumulators 


Up to 65,536 memory words made up of arbitrary 
segments of ROM, RAM, RMM, core memory types 


Points to one of 65,536 memory words, or 1 of 
16 registers 


Address of first memory word in a sequential 
array of words in memory 


A register whose contents are used to form an 
address 


A .25 microsecond period during which a basic 
computation referencing two registers can be 
executed in ATAC-16M 


The address of a word in memory whose contents 
is another address 


The register whose contents are the address of 
the instruction being executed 


A nonsequential change in the contents of the 
program counter register 
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Terminology 
1/0 Device Address 


Abbreviations 
cP 
CCM 
CCR 
Op Code 
IMR 
MAR 
MDR 
PCR 
RAM 
RegS 
RegT 
RMM 
ROM 
VS 


Definition 
Numerical devices addresses are assigned based 
on individual system requirements. A 16-bit ad- 
dress word is available for device addressing; 
any level of address encoding may be built into 
ATAC I/0 interfaces 

Definitions 

Central processor 

Condition Code Mask Value (4 bits) 

Condition Code Register (4 bits) 

Instruction Operation Code 

Interrupt Mask Register 

Memory Address Register 

Memory Data Register 

Program Counter (16 bits) 

Random Access (semiconductor ) Memory 

Source Register 

Terminal (Destination) Register 

Read Mostly, Electrically Alterable Memory 

Read Only Memory 


Versus (implies comparison of two operands ) 
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APPENDIX E 


CONVERSION AIDS 


E-] 


52-054614 


qg a q if 


6 


8 


J1aVl NOTLWIITdILINW 


2 q v 6 


FLqel uolzLppy 


Sage} ILZawyzZLuy LewLoapexay 


8 


£ 


VS ap 
eS 869 
ae LP 
Sr. IF 
cb OLE 
ae «Ge 
OF 868 
O€ 82 
ye Sz 
be 8d 
3. GIL 
8L vl 
cL 40 
90=—« WO 
9 S 
7 a 2 
EL oh 
el - Ll 
ct OF 
OL 40 
JQ 0 
30. = 0 
ao 8090 
90 = a0 
d0 860 
vO 60 
60 80 
80 86L0 
40 90 
90 SO 
S 1 
“L-d 9lqel 


NOFOUOMOMDTmMoOAaAwWL 


FKRNMOMAFTOON DADC mMoAaAwL 
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i | 
| Table E-2. Powers of Two Table } 
| | 
| 
Y 
i 
i F Ae at PE | 
i 1 0 10 
2 aI 20ns | 
4 2 025 j 
8 3 0125 
‘ 16 464 «40062 5 I 
32. 5 0031 25 { 
| 64 6 0015 625 i 
| 128 «7 «0007 812 5 
4 
: 256 8 0003 906 25 | 
512 9 0001 953 125 | 
1 024 10 0000 976 562 5 j 
| 2 048 11 0000 488 281 25 | 
| 4 096 12 0000 244 140 625 | 
| 8 192 13 0000 122 070 312 5 f 
{ 16 384 14 0.000 061 035 156 25 
32 768 15 0000 030 517 578 125 | 
i 65 536 16 0000 015 258 789 062 5 : 
| 131 072 17 0000 007 629 394 531 25 } 
| 262 144 18 0.000 003 814 697 265 625 f 
i 524 288 19 0000 001 907 348 632 812 5 } 
{ 1 048 576 20 0.000 000 953 674 316 406 25 k 
| 2 097 152 21 0000 000 476 837 158 203 125 | 
4 194 304 22 0000 000 238 418 579 101 552 & i 
] 8 388 608 23 0000 000 119 209 289 550 781 25 j 
| 
| 16 777 216 24 0.000 000 059 604 644 775 399 525 
) 33 554 432 25 0000 000 029 802 322 387 695 312 5 
67 108 864 26 0000 000 014 901 161 193 847 556 25 
134 217 728 «27 «0.000 000 007 450 580 596 923 £28 125 
q = 
| 268 435 456. 28 0.000 000 003 725 290 298 461 314 062 5 
| 536 870 912 29 0.000 000 001 862 645 149 230 $57 031 25 
; 1 073 741 824 30 0.000 000 000 931 322 574 615 473 515 625 
2 147 483 648 31 0000 000 000 465 661 287 397 739 257 312 5 
; 4 294 967 296 32 0.000 000 000 232 830 643 653 £39 628 996 25 
{ 8 589 934 592 33 0000 000 000 116 415 321 826 934 214 253 125 
| 17 179 869 184 34 0.000 000 000 058 207 660 913 “£7 407 226 562 5 
| _ 34 359 738 368 35 0.000 000 000 029 103 830 456 733 703 63 281 25 
] 68 719 476 736 36 0.000 000 000 014 551 915 223 356 851 6 640 625 
} 137 438 953 472 37 0.000 000 000 007 275 957 614 123 425 $33 320 312 5 ] 
1 274 877 906 944 38 0.000 000 000 003 637 978 807 031 712 $51 660 156 25 | 
{ 549 755 813 888 39 0.000 000 000 001 818 989 403 535 856 275.820 078 125 
1 099 511 627 776 40 0.000 000 000 000 909 494 701 772 928 237 915 029 O62 5 j 
| 2 199 023 255 552 41 0000 000 000 000 454 747 350 826 454 1:8 957 519 531 25 
; 4 398 046 511 104 42 0.000 000 000 000 227 373 675 423 232 039 478 759 765 625 } 
] 8 796 093 022 208 43 0.000 000 000 000 113 686 837 721 616 029 739 379 882 812 5 } 
4 } 
i 17 592 186 044 416 44 0.000 000 000 000 05 843 418 £59 e868 014 869 689 941 496 25 | 
; 35 184 372 088 832 45 0.000 000 000 000 028 421 799 43) 404 0:7 434 843 970 703 125 | 
70 368 744 177 664 46 0.000 000 000 000 014 210 854 715 292 (23 717 422 485 351 562 5 i 
j 140 737 488 355 328 47 0.000 000 000 000 007 105 427 357 (Ol O31 €58 711 242 675 78) 25 i 
281 474 976 710 656 48 0000 000 000 000 003 552 713 £72 #00 $29 929 355 621 337 890 625 L 
562 949 953 421 312 49 0.000 000 000 000 001 776 356 £33 460 25) 464 677 810 688 945 312 5 i 
i 1 125 899 906 842 624 50 0000 000 000 000 000 888 178 419 750 125 232 338 905 334 472 656 25 
| 2 251 799 813 685 248 51. 0000 000 000 000 000 444 089 259 859 0&2 616 169 452 657 236 328 125 I 
i 4 503 599 627 370 496 52 0.000 000 000 000 000 222 044 E94 ' 
| 9 007 199 25¢ 740 992 53 0000 000 000 000 000 111 022 392 f 
i 18 014 398 509 481 984 54 0.000 000 000 000 000 055 511 15% i 
i 36 028 797 018 963 968 55 0000 0G0 000 000 000 027 755 575 5 ; 
| 72 057 594 037 927 936 56 0.00 000 000 000 000 013 877 737 25 ' 
| 144 115 188 075 855 872 5/ 0.000 000 000 000 000 006 932 £33 125 | 
| 288 230 376 151 711 744 58 0.000 000 000 000 000 003 429 225 562 5 i 
| 576 460 752 303 423 488 59 0.000 000 000 000 000 001 734 723 281 25 ; 
‘| y 
| 1 152 921 504 606 846 976 60 0000 000 000 000 000 000 867 36! 737 93 403 5&7 205 962 240 695 953 369 140 625 
| i 
{ [ 
] 
) 5 
] \ 
5 : 
| E-3 
4 j 
| | 
| : 
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Table E-3. Largest Decimal Number Table 
Number 
Decimal of 
Largest Decimal . Digits Binary 
Integer Req'd* bits Largest Decimal Fraction 
] ] 1 5 
3 2 75 
7 3 875 
15 2 4 937 5 
31 5 968 75 
63 6 984 375 
127 3 7 992 187 5 
255 8 996 093 75 
511 9 998 046 875 
1 023 4 10 999 023 437 5 
2 047 i, 999 511 718 75 
4 095 12 999 755 859 375 
8 191 13 999 877 929 687 5 
16 383 5 14 999 938 964 843 75 
32 767 15 999 969 482 421 875 
65 535 16 999 984 741 210 937 5 
131 071 6 7 999 992 370 605 468 75 
262 143 18 999 996 185 302 734 375 
524 287 19 999 998 092 651 367 187 5 
1 048 575 7 20 999 999 046 325 683 593 75 
2 097 151 21 999 999 523 162 841 796 875 
4 194 303 22 999 999 761 581 420 898 437 5 
8 388 607 23 999 999 880 790 710 449 218 75 
16 777 215 8 24 999 999 940 395 355 244 609 375 
33 554 43) 25 999 999 970 197 677 612 304 €37 5 
67 108 863 26 999 999 985 098 838 806 152 3:3 75 
134 217 727 9 27 999 999 992 549 419 403 676 171 875 
| » 268 435 455 28 999 999 996 274 709 701 538 085 937 5 
| 536 870 911 29 999 999 998 137 354 850 769 U2 968 75 
| 1 073 741 823 10 30 999 999 999 068 677 425 384 521 484 375 
2 147 483 647 31 999 999 999 534 338 712 692 2€3 742 187 5 
4 294 967 295 32 999 999 999 767 169 356 346 129 371 093 75 
8 589 934 591 33 999 999 999 883 584 678 173 065 185 546 875 
17 179 869 183 1] 34 ‘999 999 999 941 792 339 086 532 592 773 437 5 
| 34 359 738 367 35 999 999 999 970 896 169 543 2&5 296 386 718 75 
| 68 719 476 735 36 999 999 999 985 448 034 771 633 148 193 359 375 
} 137 438 953 471 12 37 999 999 999 992 724 042 385 815 574 096 679 687 5 
| 274 877 906 943 38 999 999 999 996 362 021 192 903 287 048 339 843 75 
| 549 755 813 887 39 999 999 999 998 181 010 596 45! 143 524 169 921 375 
j 1 099 511 627 775 13 40 999 999 959 999 0390 505 298 227 071 762 034 960 937 5 
} 2 199 023 255 551 41 999 999 999 999 545 252 649 113 535 881 042 480 468 75 
a 4 398 046 511 103 42 999 999 999 999 772 626 324 555 767 940 521 240 234 375 
} 8 796 093 022 207 43 999 999 999 999 &86 313 162 273 383 970 260 620 117 187 5 
17 592 186 044 415 14 44 999 999 999 999 943 156 581 133 191 985 130 310 058 593 75 
35 184 372 088 831 45 999 999 999 999 971 578 290 563 595 992 565 155 029 296 875 
70 368 744 177 663 46 999 999 999 999 985 789 145 2c4 797 996 282 577 514 648 437 5 
140 737 488 355 327 15 47 999 999 999 999 992 894 572 642 398 998 141 288 757 324 218 75 
281 474 976 710 655 48 999 999 999 999 996 447 246 321 199 499 070 644 378 662 109 375 
562 949 953 421 311 49 999 999 999 999 9498 223 643 1€9 599 749 535 322 189 33) 054 687 5 
{ 1 125 899 906 842 623 16 50 999 999 999 999 999 111 821 5&3 299 874 767 661 094 665 527 343 75 
| 2 251 799 813 685 247 51 999 999 999 999 999 555 910 793 149 937 383 830 547 332 763 671 875 
4 503 599 627 370 495 52 999 999 999 999 999 777 955 395 074 968 691 915 273 666 381 835 937 5 
9 007 199 254 740 991 53 999 999 999 999 999 883 977 637 537 484 345 957 636 833 190 917 968 75 
18 014 398 509 48] 983 17 54 999 999 999 999 999 944 488 842 768 742 172 978 818 416 595 458 984 375 
36 028 797 018 963 967 55 999 999 999 999 999 972 224 424 384 371 086 489 409 208 297 729 492 187 5 
72 057 594 037 927 935 56 999 999 999 999 999 986 122 ziz 192 185 543 244 704 604 148 864 746 093 75 
144 115 188 075 855 871 18 57 999 999 999 999 999 993 061 105 096 092 771 622 352 302 074 432 373 046 875 
288 230 376 151 711 743 58 999 999 999 999 999 996 530 553 048 046 385 811 176 151 037 216 186 523 437 5 
576 460 752 303 423 487 59 999 999 999 999 999 998 265 275 524 023 192 905 588 075 518 608 033 261 718 75 
1 152 921 504 606 846 975 19 60 999 999 999 $99 999 999 132 632 262 011 596 452 794 037 759 304 046 630 859 375 


*Larger numbers within a digit group should be checked for exact number of acimal digits required. 


Examples of use: 


1. Q. What is the largest decimal value that can be expressed by 36 binary digits? 
A. 68,719,476,735 

2. Q. How many decimal digits will be required to express 4@ 22-bit number? 
A. 7 decimal digits. 
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APPENDIX F 


FLOATING POINT NUMBERS - 
CONVERSION AND EXAMPLES 
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Table F-] gives several useful examples of floating point 
numbers. In what follows, several of these numbers will be analyzed to il- 
lustrate the ideas discussed in section 6.1. 


le Converting to Floating Point 


2119 = 10101, : 

= 0.10101, x 2 

—-+ 
0}/101010——o/10000101 
; “Wantissa Exponent 
| Excess 128 
94990985, - 

“8919 = 3%0 - 12819 (128 is first power of 2 > 89) 


= 00100111, - 2! 


(0.0100111, - 1) x ie 
Ea 01001110-0110000111 


Man¥issa [ Exponent 


Excess 128 


0. Converting from Floating Point 


6487 £) 82 


Approx. 
650000, ¢ 
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APPENDIX G 
ATAC-16M Master/Reset Start-Up Sequence 
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ike Interrupt System Initial Condition 


° Interrupts are disabled (DSI state) 
e The interrupt mask (IMR) is fully enabled (set to 1's) 
® The interrupt priority register (IPR) is set to the lowest priority 


2. Starting Address 


ATAC-16M performs an indirect branch through location 1 (the Start-up 
routine entry point address). If the control panel is connected to the ATAC 
system, a halt occurs with the starting address and first instruction of the 
start-up routine displayed. The register notation is as follows: 


(1) + Program counter 
((1)) + Instruction execution reqister 


If the control panel is not attached, the ATAC immediately begins execution of 
the program whose starting address is found in memory location 1. 
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